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MISSION STATEMENTS

Asthe Nation's principal conservation agency, the Department of the Interior has
responsbility for most of our nationally-owned public lands and natural and cultural
resources. This includes fostering wise use of our land and water resources, protecting
our fish and wildlife, preserving the environmental and cultural values of our national
parks and historical places, and providing for the enjoyment of life through outdoor
recreation. The Department as<esses our energy and mineral resources and works to
assure that their development isin the best interests of all our people. The
Department also promotes the goals of the Take Pride in America campaign by
encouraging stewardship and citizen responsibility for the public lands and promoting
citizen participation in their care. The Department also has a major responsibility for
American Indian Reservation Communities and for people who live in Idand
Territories under U.S. Administration.

“The mission of the Bureau of Reclamation isto manage, develop, and protect water
and related resources in an environmentally and economically sound manner in the
interest of the American public.”

Requests for additional copies of this publication sbould be sent to the Bureau of
Reclamation, Denver Office, P.O. Box 25007, D-T923A, Denver, Colorado 80225.




PREFACE

A obal climate change is a change in the climate of the earth
occurring either naturally or as a result of human influence. O
particular concern is "anthropogenic" global warmng, which is a
warm ng of the Earth's atmosphere caused by the influence of hunans
on the natural environnent. Ant hr opogeni c global warmng is the
result of an increase in atnospheric concentrations of carbon
di oxi de, methane, chlorofluorocarbons, and other "greenhouse" gases
which trap additional heat in the atnosphere. The increase in
greenhouse gases is caused by the consunmption of fossil fuels (coal,
petrol eum and natural gas), |and use nodification, and the rel ease
of agricultural and industrial gases into the atnosphere.

G obal climate change maythreaten water-dependent ecosystens unless
adequat e preparations are taken. It has the potential to affect
wat er demands, water supplies, and water managenent. It could
affect the quantity of precipitation and runoff, the seasonal timng
of precipitation and runoff, and the severity of storms, floods, and
droughts.

The Bureau of Reclamation (Reclamation) supplies nunicipal water to
25 million people in 17 Western States, provides irrigation water
for 10 mllion acres of farm and, and operates 52 hydroelectric

facilities which generate approxinmately 48 billion kilowatt-hours
ofelectricity annually, nmeking Reclamation the nation's 1lth
largest electric utility. In addition, Reclamation facilities

provide flood control, recreation, fish and wildlife enhancenent,
and environnental managenent

As Reclamation has the responsibility to wi sely nmanage water
resources while ensuring that associated environnental assets are
preserved, the inpacts of global climte change on water resources
and environmental assets need to be identified and appropriate
responses studied

O concern are the inpacts on agriculture, nunicipal and industrial
wat er supplies, hydroelectric power generation, water quality,
fisheries, wetlands, riparian comunities, and recreation. Al so of
concern are the inpacts on reservoir operations, flood control

drought managenent, and distribution of water for beneficial uses.

The dobal dimte Change Response Program a nultiyear Reclamation
research program is designed to study the potential inpacts in the
17 Western States, and to determine the inpacts on water denands,
wat er supplies, and water nanagement. This programwi || endeavor
to devel op strategies and responses to deal with these inpacts
through a broad range of research activities, research projects, and
techni cal studi es.
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INVENTORY OF HYDROLOGIC MODELS

INTRODUCTION

A comon challenge to hydrologists and engineers involved in
hydrologic simulation is to answer the question, "“which hydrol ogic
nodel should be used?" In order to answer this question, one mnust
first address the question "which hydrol ogic nodels are avail abl e?"
Conpiling a conplete list of available hydrologic nodels, even in a
specific category, is a difficult if not inpossible task to performin
most cases.

Thi s docunent presents a relatively detailed inventory of well known
and reputabl e hydrol ogic nodels used and supported by the Bureau of
Recl amati on (Recl amation) for several key hydrol ogi c processes, and a
representative sanple of sinmlar nobdels used and supported by other
organi zati ons. These nodel s are generally limted to addressing
evapotranspiration and denmand processes, preci pi tation-runoff
processes, and project and river system operations.

The conmpiling of this inventory was undertaken to determ ne the
availability of hydrologic models that could assist in identifying the
potential inpacts of global climte change on water resources.

The inventory was funded by Reclamation's dobal Cinmate Change
Response Program

The first phase of the inventory focused on nodel s namintained and
supported by Reclanmation which could be of interest to other
Recl amati on offices and others outside the organization. The second
phase collected information on a nunber of nodels used and supported
by other organizations'.

DEVELOPMENT OF EVALUATION FORM

An inportant prelimnary task was to devel op an eval uation form which
woul d summarize rel evant information about each nodel in a concise and
readable format. This form would assist readers to becone famliar
wWth the capabilities and limtations of each nodel and determ ne
whet her they wanted to obtain additional information and, if so, whom
to contact. A copy of the formwas reviewed by key participants and
then distributed to the appropriate nodeling experts.

! A conprehensive, detailed survey of all such nodels was not within the
scope of this effort.



TECHNICAL CONTACTS

In the first phase, a team of hydrologists fromthe Denver O fice
Surface Water Branch (D-5750)' contacted Reclamation personnel in the
Denver, Regional, and Project offices. The initial contacts were
based on the nodels known to the team  Subsequently, the

evaluation formwas distributed to all Regional offices with a request
to involve appropriate Project offices under their jurisdiction.

The second phase involved contacting a representative set of outside

agenci es and organi zations. A literature search was done through
Recl anation's Denver Library to gain additional information on water
demand nodel s which mght be avail abl e. A total of twelve other

organi zations (including government agencies, universities, and
private organizations) responded.

SUMMARY OF RESPONSES

A total of 64 nodels were inventoried through the responses. The
responses covered both site-specific and generally applicable nodels.
No effort was nade to screen or otherw se conpare the nodels and the
inclusion of any nmodel in the inventory does not necessarily signify
Recl amation's endorsenment of the nodel. A tabulation summarizing the
nodel s by categories follows:

Nunber of
Model s I nventoried

Site Ceneral ly

Cat egory Model s Specific Applicable
I Water Requirenents 2 12
Il Precipitation - Runoff 0 11
11 Project and River System Qperations 23 13
|V O her Related 0 3

SUMMARY OF MODELS INVENTORIED BY CATEGORY

The evaluation forns from each response were used in the form provided
by the respondents except in cases of obvious grammatical om ssions or
cases where the volune of material provided was so |arge and diverse
as to require editing.

!

2 Don Frevert, Craig Al bertsen, Sharon Nuanes, Eldon Johns, and Bill Lane
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CATEGORY I
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Category |

Water Requirements Models

Fourteen evaluations of nodels in this category were received. These
were primarily generally applicable nodels, many of which were
devel oped by and for the Bureau of Reclamation (BOR). QG hers were
devel oped by Cklahona State University (CGSU), the University of Idaho
(U), and California State University (Cal. State).

Name of Model Organi zati on
Utah Area Water Denmand Model BOR
REACH (Water Supply and Dermand for Tual atin Basin) BOR
XCONS (Bl aney Criddle Consunptive Use) BOR
XETCWP (Multi Method Consunptive Use) BOR
Interactive Consunptive Use Package OosU & BOR
PEAKWRN (Jensen - Hai se Sizing Program BOR
XCIR (Jensen - Haise Consunptive Use) BOR
CONUSE2 (Consunptive Use, Diversions,

Return Flows, Depletions) BOR
BASI N (Delivery and Diversion Requirenents,

Recharge, Qutflow, Rainfall-Runoff Mbdeling) BOR
WVC (Water Managenent and Conservation) PACKAGE BOR
REF80 (Daily Crop Evapotranspiration)?! BOR
WAT80 (Daily Water Requirenents)' BOR
On-Farm Irrigation U1
SPACE (Sprinkler Profile and

Coverage Eval uation) Cal. State

! These prograns can be obtained individually, or as part of the Water
Managenent and Conservation Package of prograns.



HYDROLOG C MCDELS | NVENTCRY

EVALUATI ON FORM

NAME OF MODEL: Utah Area Water Demand Model
FUNCTION: FEvaluate future water supply and demand alternatives
AGENCY& OFFICE: USBR - Utah Projects Ofice

TECHNI CAL CONTACT:  Roger Hansen 801-379-1101
FTS-584- 1101

MACHINE COMPATIBILITY: |BM PC - 386 (640 KB base nenory), math coprocessor
40MB hard disk, VGA high resolution monitor and a pointing device.

DOCUMENTATION: Available
SPATI AL PRECISION: Covers netropolitan areas using GS

TEMPORAL PREC! S| ON: Projects into future. Predicts nean annual, daily and
peak hourly demands.

OVERVIEW OF CAPABILITIES, ASSUMPTIONS: Has nunerous defaults which allow easy
use, but also allows custom fit assunptions to be used.

STRENGTHS: Very flexible. User friendly. Can be set up for any area.

WEARNESSES: Data intensive. Presently configured for the Salt Lake Gty
metro area.

| NPUT REQUIREMENTS: Base nmmps, water system boundaries, water demand sectors,
econom ¢ dat a.

OUTPUT PRODUCED: Mean annual, average and maxi num daily and hourly peak
demands.




HYDROLOGIC MODELS INVENTORY

EVALUATI ON FORM

NAME OF MODEL: REACH

PUNCTION. Monitors water supply and demand during the irrigation season on
the Tualatin River and major tributaries.

AGENCY & OFFI| CE: USBR - PN Regional Ofice, Boise, |daho

TECHNI CAL CONTACT: Monte Mcvay (PN 435) 208-334-1176
FTS-554- 1176

MACHI NE COVPATIBILITY: Any machine with a FORTRAN conpil er.

DOCUMENTATION:

SPATIAL PRECISION: Six Tualatin River Control Points, two on tributaries.
TEMPORAL PRECI SION: Can be updated daily.

OVERVIEW OF CAPABI LI TI ES, ASSUMPTIONS: Can be and has been used by Tualatin
Valley Irrigation District for nmonitoring irrigation district water denand and
sumertime streanflows in the Tualatin River and major tributaries; could be
applied in other areas with nodification.

STRENGTHS : A supply and demand nodel in one program

WEAKNESSES: No docunentation to speak of and needs nodification for
application in other areas.

| NPUT REQUI REMENTS: Streanfl ow data (near real-tine); list of W/C WAT80
program (water requirenents nodel) state approved water permts.

QUTPUT PRODUCED: Irrigation demand, M&l denmand, current streanflow in various
reaches, current list of water permts for natural flow which are junior to
existing flow.



HYDROLOG C MCDELS | NVENTCRY

EVALUATION  FORM

NAME OF MODEL: XCONS

R UNCTION. Estimates nonthly crop evapotranspiration using the Blaney-Criddle
Met hod

AGENCY & OFFI CE; USBR - Denver O fice - Water Resources Section

TECHNI CAL CONTACT : El don John3 (D5752) 303-236-3810
FTS 776-3810

MACHI NE COXPATIBILITY: CDC Cyber Main Frane

DOCUMENTATION: Self docunenting in program listing. Reference: [rrigation
Water Requirenments, Technical Release No. 21, Soil Conservation Service,
Sept enber 1970.

SPATI AL PRECI SI ON: Poi nt estimates based on weather station |ocations.
TEMPORAL PRECI SI ON: Mont hly

OVERVI EW oF CAPABI LI TIES, ASSUWPTIONS:  Provide3 nonthly estinmates of
consunptive use and crop irrigation requirement (net irrigation requirenent)
and allow3 for overall estimates weighted by crop. Assunmes that consunptive
use is a function of tenperature, precipitation, |ocation and crop phenol ogy
only.

STRENGTHS : Sinple to operate and nodify. Easy to read results.

WEARNESSES: An old program which ha3 had extensive nodification by a nunber
of different individuals.

I NPUT REQUI REMENTS: Climate (tenperature, precipitation and grow ng season)
and crop phenol ogy.

QUTPUT PRODUCED: Monthly evapotranspiration and crop irrigation requirenent
(net irrigation requirement) estimates. Estimates of effective precipitation
usi ng the SCS net hod.




HYDROLOG C MODELS | NVENTORY

EVALUATI ON FORM

NAME OF MODEL:  XETCMWP

FUNCTION:  Estimates daily crop evapotranspiration using 16 different methods
or variations

AGENCY & OFF| CE: USBR - Denver Ofice - Water Resources Section

TECHNI CAL CONTACT:  Eldon Johns (D5752) 303-236-3810
FTS 776-3810

MACHINE COWPATIBILITY: CDC Cyber Min Frane

DOCUMENTATION: "Conparison of Equations Used for Estimating Agricultural Crop
Evapotranspiration with Field Research® by RW Hll, E L. Johns, and

nD.K. Frevert, Bureau of Reclamation, Cctober 1983.

SPATI AL PRECI SION:  Point estinmates based on weather station |ocations.
TEMPORAL PRECI SION:  Daily (summations give nonthly)

OVERVI EW OF CAPABI LI TIES, ASSUWPTIONS: Allows conparisons of strengths and
weaknesses of various predictive equations. This nodel is mainly a research
tool. Assunptions vary with each of the nethods.

STRENGTHS : Easy conparison of many widely used nethods. Thoroughly tested.
WEARNESSES: Rather extensive input/output requirenents.

| NPUT REQUIREMENTS: Daily climate and related data including tenperature,
precipitation, solar radiation, humdity, wnd speed and crop phenol ogy.

OUTPUT PRODUCED: Daily evapotranspiration estimates for crops by various
predi ctive nethods.



HYDROLOGIC MODELS INVENTORY

EVALUATION FORM

NAME OF MODEL: An interactive package of prograns for estimating consunptive
use:

MAPSTA
ETKNOW
ETBC, ETJH, ETPEN
ETPLOT
FUNCTION: Interactive Software for Estimating Evapotranspiration

AGENCY & OFFI CE: USBR =~ Denver O fice - Water Resources Section (Software
will eventually be supported by the Agricultural Engineering Departnent,
Okl ahoma State University, Stillwater, Gklahong)

TECHNI CAL CONTACT:  El don Johns (D5752) 303-236-3810
FTS 776-3810
Ronald L. Elliott 405- 744- 8423

MACH NE COWPATIBILITY: 386 series Personal Conputers

DOCUMENTATION: Self docunenting. References in various ASCE (American
Society of Gvil Engineers) and ASAE (American Society of Agricultural

Engi neers) papers. These include: "Estinmating Evapotranspiration Wth a

Know edge- Based System’ by R L. Eliott, E L. Johns and P.A Weghorst,

Paper Nunber 897575 presented at the International Wnter Meeting of ASAE,

New Ol eans, Decenber 12-15, 1989 and "an Interactive Conputer System for
Estimating Monthly Evapotranspiration' by R L. Elliott, E L Johns and

P. A, \Weghorst in the Proceedings of the 1990 National Conference on Irrigation
and Drai nage, Durango, Colorado, ASCE.

SPATI AL PRECI SI ON: Poi nt estinmtes based on weather station |ocations.
TEMPORAL PRECI SI ON: Mont hl y

OVERVI EW OF CAPABI LI TIES, ASSUVPTI ONS: Displays of station location, nonthly
computation of consunptive use by crops (ultimately by three nmethods although
only the Blaney-Criddle is presently available), plotting of consunptive use
estimates. Assunptions vary depending on nethod used.

STRENGTHS : User friendly, interactive operation. Gaphical capabilities
facilitate the package's application.

WEAKNESSES: In devel opmental stage. Inproved capabilities are needed for
various modul es. ETJH (Jensen-Haise) and ETPEN (Penman) need to be devel oped.

| NPUT REQUIREMENTS: Climate and related data including tenperature,
precipitation, solar radiation, hunidity, and crop phenol ogy.

OUTPUT PRODUCED: Mbnthly evapotranspiration estimates for crops by
(ultimately) three different predictive nmethods. Selected plots of input and
out put data.

| -6



HYDROLOG C MCDELS | NVENTCRY

EVALUATI ON FORM

NAME OF MODEL: PEAKWRN

FUNCTI ON: Estimates daily evapotranspiration data for project facility
si zi ng.

AGENCY & OFFI| CE: USBR - Denver Ofice - Water Resources Section

TECHNI CAL CONTACT:  Eldon Johns (D5752) 303-236-3810
FTS 776-3810

I\/A(/:HI NE COWPATIBILITY: CDC Cyber Conputer System

DOCUMENTATION: Docunentation available in draft form Referenced in
"Estimating Irrigation Water Requirements," U S. Bureau of Reclamation,
Sept enber 1970.

SPATI AL PRECI SI ON: Poi nt estinmtes based on weather station |ocation.
TEMPORAL PRECISION:  Daily or nultiple day increnents.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Focuses strictly on sizing of project
facilities (punping plants, canals and pipelines). Assunes Jensen-Haise

nmet hod accurately conputes consunptive use. Assumes no effective
precipitation.

STRENGTHS : Flexibility in providing estimates for varying time intervals
(1 day, 3 day, 5 day, etc.) and allows for different crop distributions. Well
tested and technically sound.

VEAKNESSES :  Substantial data requirements. Specialized to sizing

applications. Assunptions related to effective precipitation are very
conservati ve.

| NPUT REQUIREMENTS: Clinate and related data including tenperature and sol ar
radi ation, crop phenology and soils data.

OUTPUT PRODUCED: Conveyance Sizing Curve and related support data.



HYDROLOG C MODELS | NVENTORY

EVALUATION FORM

NAME OR MODEL: XCIR

FUNCTION: Estimates nonthly evapotranspiration using the Jensen-Haise nethod.
(1970 Jensen- Hai se Procedure)

AGENCY & OFFI CE: USBR - Denver O fice - Water Resources Section

TECHNI CAL CONTACT:  El don Johns (D5752) 303-236-3810
FTS 776-3810

MACHI NE COMPATIBILITY: CDC Cyber Conputer System

DOCUMENTATION: Docunentation available in the conmputer file XCIRDOC but is
i nconpl et e.

SPATI AL PRECI SI ON: Poi nt estinmates based on weather station |ocations.
TEMPORAL PRECI SI ON: Mont hly

OVERVIEW OF CAPABI LI TIES, ASSUMPTIONS: Allows conputations by Jensen-Haise
method with and w thout elevation correction.

STRENGTHS : Well tested and generally technically sound.

WEAKNESSES: An ol d program which has undergone extensive nodification. The
Jensen-Hai se method should be used with caution in high altitude areas where
it tends to overestinate evapotranspiration.

| NPUT REQUIREMENTS: Clinmate and related data including tenperature, solar
radi ation, precipitation and crop phenol ogy data.

OUTPUT PRODUCED: Monthly evapotranspiration estimates for individual and
wei ghted agricultural crops, effective precipitation is conputed using the
USBR Method, and crop irrigation requirements (net irrigation requirenments).



HYDROLOG C MODELS | NVENTORY

EVALUATI ON FORM

NAVE OF MODEL:  CONUSE2

FUNCTI ON:  Cal cul ates consunptive use, diversions, return flows, depletion
requi renents, annual depletions and current |evels of depletion

AGENCY & OFFICE: USBR, Great Plains Region, Wter Mnagenent Branch

TECHNI CAL  CONTACT: Ri ck Devore (GP451) 406- 657- 6637
FTS-585- 6637

MACHINE COWPATIBILITY: vax 6200 (plan to convert to PQ)

DOCUMENTATION: Description in Mssouri Basin States Association Hydrol ogy
St udy, 1982.

SPATIAL PRECISION: Deternined by user and the irrigated area he/she
specifies.

TEMPORAL PRECI SION:  Monthly

OVERVIEW OF CAPABILITIES, ASSUMPTIONS: Can estinmate consunptive use with both
Bl aney-Criddl e and Jensen-Haise nethods at any location. Estimates solar
radi ation for Jensen-Haise method based on percent of possible sunshine.

STRENGTHS : Combines five functions (previously five programs) into a single
operation.

WEARNESSES: Linited to two consunptive use nethods (Blaney-Criddle and
Jensen- Hai se).

| NPUT REQUIREMENTS: Tenperature and precipitation data, percent of possible
sunshine, crop acreage and phenological data, return flow distribution
pattern, irrigation efficiencies and irrigated area.

OUTPUT PRODUCED:  Consunptive use and crop irrigation requirement for each
crop, weighted crop irrigation requirenment, diversions, return flows and

depl etion requirenents (nonthly in acre-ft/acre) - based on acres - Diversion
requirement in acre-ft, available return flow in acre-ft, depletions in
acre-ft and a current |evel of depletions for the period of record.



HYDROLOG C MCDELS | NVENTCRY

EVALUATION FORM

NAME OF MODEL: BASIN

FUNCTION:  The BASI N program conputes =

1. lrrigation farm delivery requirements,

2. Project diversion requirements,

3. Gound-water recharge, or

4. Basin outflow depending on the purpose of the study.

The program will also conpute streanflow depletions or net change in ground
water recharge due to a change in cropping patterns or irrigated acreage.

AGENCY & OFFI CE: Bureau of Reclamation
Nebraska Kansas Projects Ofice
Grand Island, NE

TECHNI CAL CONTACT: Duane Woodward (307-261-5608)
North Platte River Projects Ofice
MIls, W 82644

MACHINE COMPATIBILITY: The programis witten in Fortran |V and is on the
Cyber EE system

DOCUMENTATION: There is a "USERS" manual devel oped by Fred O radovsky and
dated 5-21-81. The program uses are explained along with the input data
requirenents and exanple runs are provided.

SPATI AL PRECISION:.  The program can calculate information for a Basin area,
Project area, farmsize area or conputation can be made for a unit area. The
study area can be divided into ten areas, each defined by a specific soil-rain
gage conbinati on.

TEMPORAL PRECI SION:  The BASIN nodel nekes conputation on a monthly tine step
by year.

OVERVI EW oF CAPABI LI TI ES ASSUMPTI ONS:  Monthly conputations of
evapotranspiration by crop can be namde using four ET nethods three versions of
Jensen- Hai se and the Blaney-Criddle (TR-21). The ground water discharge is
conputed by the RE. Qover nmethods. Mnthly rainfall infiltration by soil is
taken from curves developed using rainfall versus runoff data collected by
ARS- USDA. The program does a nonthly soil moisture budget of the crop root
zone to deternmine when recharge will take place and deternine the nunber of
irrigation applications required to nmaintain soil noisture for a crop. Basic
assunptions are:

1. The soil reservoir is the effective root zone of a given crop.

2. The maxi mum anount of moisture which can be stored in the soil reservoir
is the "Available Water" equal to "Field Capacity" mnus "WIting Point".

3. The portion of rainfall that infiltrates the soil is equal to the total
rainfall on a field size area less runoff fromthat area.

4. Evapbtranspiration includes transpiration from plants plus evaporation
fromsoil and plant surface.
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5. The novenment of water from the soil reservoir to the zone of saturation
(water table) is inmediate and without |oss.

6. Surface water outflow froman area is equal to the runoff fromfield size
areas |less losses to evaporation and seepage and occurs within the same
month as the rainfall.

STRENGTHS : It is a nmonthly water budget nodel that accounts for total
precipitation as runoff, infiltration, soil moisture storage,
evapotranspiration, or recharge.

WEAKNESSES: The location of effective precipitation stations to the area
being nodeled usually linmits how well it calibrates to the area.

| NPUT REQUI REMENTS: Monthly climate data, tenperature, precipitation, and
solar radiation. Area soil properties data, area cropping patterns,
irrigation water use efficiency, and percent of area dryland, well irrigated,
and canal irrigated.

QUTPUT PRODUCED: Tabl es ofinput data, crop consunptive use, farm delivery or
diversion requirement, nonthly net ground water recharge, and annual

hydrol ogi ¢ water budget from which net recharge or net basin outflow are

di spl ayed.



HYDROLOG C MODELS | NVENTORY

EVALUATI ON FORM

NAME oF MODEL: WMC (Water Managenent and Conservation) Package
FUNCTION: To forecast irrigation requirements of an irrigation system
AGENCY & OFFICE:  USBR =~ Denver Office - Facilities Engineering Branch

TECHNICAL CONTACT: Dave King (D 5210) 303-236-8322
FTS-776- 8322

MACHI NE COWPATI BILITY: | BM PC

DOCUMENTATION:  User's manual avail abl e

SPATI AL PRECISION:  Determined by user input

TEMPORAL PRECI SION:  Daily

OVERVIEW OF CAPABI LI TIES, ASSUMPTIONS: Three |levels of use are avail able:
Intensive field by field scheduling, general scheduling and system de
schedul i ng.

STRENGTHS: Newer versions have numerous PC enhancenents

WBARNESSES: 3rd version is being devel oped using DBASE IV while 2nd version
(in BASIC) is in linbo.

I NPUT REQUI REMENTS: Canal system data such as farm turnouts, deliveries,
water orders and field irrigation scheduling data.

QUTPUT PRODUCED: Accounting summary of systemwater use and forecasted water
use.

[-12



HYDROLOG C MCDELS | NVENTCRY

EVALUATION FORM

NAME OF MODEL: REF80 (Part of WMC - M ni 80 Package)
FONCTION: Daily crop evapotranspiration calculations from clinate data.
AGENCY &¢ OFFICE:  USBR - PN Regional Ofice, Boise, |daho

TECHNICAL CONTACT: Allen R Powers (PN 437)  208-334-1176
FTS-554- 1176

MACHINE COMWPATIBI LITY: VAX Conputer (witten in FORTRAN)
PC Conputer (witten in BASIC

DOCUMENTATI ON: Consi derabl e docunentation available in WMC User's Manual .
SPATI AL PRECI SION: N A

TEMPORAL PRECISION: N A

OVERVIEW OR CAPABILITIES, ASSUWPTIONS: Seasonal consunptive use nodeling for
mul tiple crops given crop growth functions, planting dates and daily climtic

i nformation.

STRENGTHS: Fairly versatile and sinple to operate seasonally once set up and
daily climate data inputing is autonated.

WEAKNESSES: Not very user friendly - presently undergoing sone code
modi fications to update crop nodeling nethodol ogi es and expand outputs.

| NPUT REQUI REMENTS: Fornatted climate, crop curve and reference crop files.

QUTPUT PRODUCED: Updated daily crop file and crop water use chart.
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EVALUATI ON FORM

NAME OF MODEL:  WAT80

FUNCTI ON:  Water requirenents conputations on large blocks of land using
cropping patterns and climatic data.

AGENCY & OFFICE: USBR - PN Regional O fice, Boise, |daho

TECHNI CAL CONTACT:  Jerry Buchhei m (N 405) 503-773- 2002
FTS- 554- 1153

MACHINE COMPATIBILITY: |BM PC Conpatible with DOS using BASIC A
interpreter. Version also available witten in FORTRAN |V.

DOCUMENTATION: 'MC Reference manual (COctober 18, 1984) including input field
descriptions and schematics showing interactive conputation nmethods. The
WAT80 programis one of 29 nmodul ar prograns within the WMC conmputer program
system

SPATIAL PRECISION: Miltiple control points, representing irrigated |ands
configured as districts, canal systens, lateral systens within one clinatic
ar ea.

TEMPORAL PRECISION: Daily - Linmted to a nmaxinum of 15 days new data per
updat e throughout season on near real-tinme basis.

OVERVIEW OF CAPABI LI TIES, ASSUMPTIONS: This conputer package is designed to
be run from menus to allow ease of operation. The WAT80 npdel focuses on
computing daily, weekly, monthly or seasonal water requirenents for large or
smal | areas where rainfall may contribute significantly to the crop
consunptive use.

STRENGTHS: Currently extensively used in GCCRP Rogue River Basin studies.

WEAKNESSES: Linited use and denonstration during first six years after
devel opnent.

INPUT REQUIREMENTS: Formatted clinmatic and agrononic data

OUTPUT PRODUCED: Water Requirement output in "printout" or file form for
sel ected control points.
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EVALUATION FORM

NAME OF MODEL: M croconputer Program Devel opnent for On-Farm Irrigation
System Pl anni ng

FUNCTION.  Analysis of on-farmirrigation'system plans

AGENCY & OFFICE: M. B. King
M. B Sauer
M. J. Busch
University of Idaho
Department of Agricultural Engineering
Moscow, | D 83843

TECHNI CAL CONTACT: B. King
MACHI NE CONPATIBILITY: Ms-DOS |BM Conpati bl e

DOCUMENTATION: M croconputer program devel opnent for on-farm irrigation
systems planning. Research technical conpletion report, |daho Water Resources
Research Institute. University of |daho, Mscow ID 83843

SPATI AL PRECI SI ON:
TEMPORAL PRECI SION:  Hal f-nonthly

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Mddel s the soil-crop-system
interaction of on-farmirrigation systens show ng inadequacies in the system
plan, if any. Assumes half-monthly time step is sufficient for evaluating
irrigation system adequacy

STRENGTHS :  Shows soil-crop-system interactions

WEAKNESSES: No user support; requires Lotus Synphony for data entry. Does
not conpute potential ET

INPUT REQUIREMENTS: Potential ET, rainfall, soil and crop characteristics,
water and |abor availability, irrigation system conponents and |ayout, water,
| abor and energy |ost.

QUTPUT.  PRODUCED:

1. Adequacy of irrigation for all crops grown in rotation.

2. System limtations causing irrigation shortfalls.

3. Capital and operational costs including the effects of inflation.
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EVALUATION FORM

NAME OF MODEL: SPACE - Sprinkler Profile and Coverage Evaluation
FUNCTION:  Eval uating performance of sprinklers for given spacings.

AGENCY& OFFICE: California State University
Center for Irrigation Technol ogy
Fresno, CA 93740

TECHNICAL CONTACT: Joe O iphant

MACHINE COMPATIBILITY: |BM PC, G40K, Graphics Card, Dot-Matrix printer,
DCS 2.1 or later

DOCUMENTATION: Fully docunented
SPATI AL PRECISION. N/A

TEMPORAL PRECISION:. N A

OVERVIEW OF CAPABI LI TIES, ASSUWPTIONS: Calculate CU, DU, average, mnimm and
maxi mum application rates. Calcul ates "scheduling coefficient”, run-time
mul tiplier based on efficiency of the sprinkler performance. For single-leg
tests, assumes symetrical perfornmance over the arc of the sprinkler.

STRENGTHS: Any nunber of spacings can be done once the sprinkler has been
t est ed.

WEARNESSES: Only applicable to fixed, repeating spacing designs.
INPUT REQUIREMENTS: Lateral and sprinkler head spacings.

OUTPUT PRODUCED: "Densogram" - a graphical image of the water application over
the overlapped area. Efficiency coefficients, CU DU, and scheduling
coefficients. Sensitivity analysis for scheduling coefficient based on a 1%, 2%,
5%, and 10% wi ndow size and the single driest catchment. The window size is
based on the percentage of the overlapped area. The scheduling is a run-tine

multiplier - it tells how nuch | onger the systemnust run to get enough water to
the dry *w ndow .
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Category I1

Precipitation - Runoff Models

El even nodels in this category included primarily nodels devel oped and
supported by other Federal agencies - Agricultural Research Service
(ARS), Soil Conservation Service (SCS), Ceological Survey (GS),

Corps of Engineers (Corps), along with one Bureau of Reclamation (BOR)
model, and one nodel supported by Colorado State University (CSU).
Al of the nodels are generally applicable, provided that the required
input data are avail able.

Name of Model Organization

FHAR (Rainfall-Runoff and Flood

Hydr ograph Model) BOR
IRS (Infiltration and Runoff Sinulation) ARS
KINEROS (Runoff/Erosion in Planes

and Channel s) ARS
TLCSS5 (Runoff, Peak Discharge and Losses) ARS
WEPP (COverland Flow and Hi Il Sl ope Erosion) ARS
CREAMS/ GLEAMS (Agricul tural Hydrol ogy,

Water Quality and Erosion) ARS
TR20 (Fl ood Hydrographs and Routing) SCS
TR55 (Urban Storm Runoff) scs
HEC-1 (Rainfall and Snowmelt Runoff

Hydr ogr aphs) Cor ps
PRVE (\Wat ershed Response to Rainfall

or Snowrel t) GS
RUNCFF ( Ur ban Wat er shed Runof f) CcSu



HYDROLOG C MODELS | NVENTORY

EVALUATION FORM

NAME OR MODEL: FHAR

FUNCTION: Calculates runoff fromrainfall and produces a flood hydrograph and
performs hydrol ogi ¢ routing.

AGENCY ¢ OFFI CE; USBR - Denver Ofice - Flood Section

TECHNI CAL  CONTACT: Ken Bullard (pD5751) 303-236-3797
FTS 776-3797

MACHINE COWPATIBILITY: Personal Conputer.

DOCUMENTATION: This program has been docunented by "Interim Docunentation for
the FHAR Program" by Robert Main, April 1988. In addition, docunentation
updates exist for subsequent changes and inprovenments to the nodel. These
include "Creating Version Nunber 4.11 of FHAR," "Creating Version Nunber 4.12
of FHAR," "Changes to the FHAR Program nade in Creating Version 4,13," and
"FHAR Program Version 4.14," January 24, 1990.

SPATI AL PRECI SION:  Subbasins are treated as hydrol ogically and

met eorol ogi cal | y honpbgeneous areas. Average values are used for paraneters
and inputs for each individual subbasin. Precision may be altered by changing
the nunber and sizes of the subbasins.

TEMPORAL PRECISION: Tine increments are selected to match the particul ar
application. Typical time increments used vary from 15 ninutes to 3 or

4 hours depending upon precipitation inputs, hydrologic response tinme and
drai nage area.

OVERVIEW OF CAPABI LI TIES, ASSUMPTIONS: Cal cul ates runoff hydrographs starting
with precipitation increnments. A variety of methods are available for
accounting for infiltration and other losses. (Options are available for both
river and reservoir routing along with the ability to conbine hydrographs.
Several input procedures are available and the nodel can be run in nore than
one manner. Internmediate results can be exami ned as the nodeling progresses.

STRENGTHS : Versatile, very easy to apply, uses standard nmethods, well tested
and technically sound. Revised nodeling acconplished with a mnimum of
additional effort. Can be run in a user friendly interactive node.

WEARNESSES: Designed for planning and design flood studies. The nodel is not
readily applicable to real time and operational studies.

| NPUT REQUIREMENTS: Hydrologic runoff and routing paraneters, and
precipitation inputs.

QUTPUT PRODUCED:  Cal cul ations and hydrographs, in well designed tables and

also in forns for use in further nodeling or for use in other prograns such as
graphics or text processing prograns.
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HYDROLOGIC MODELS INVENTORY

EVALUATI ON FORM

NAME OF MODEL: [RS-Infiltration and runoff sinulation

FUNCTI ON:  Conputes anounts and rates of infiltration and runoff on an
overland flow surface.

AGENCY & OFFI CE: USDA- ARS
2000 E Allen Rd
Tucson AZ 85719

TECHNI CAL CONTACT:  Jeffry J. Stone FTS-762- 6481
602-670- 6381

MACH NE COWVPATIBILITY: VAX VM5, UNIX, PRIME, PCs DOS

DOCUMENTATION : I n house user manual .

SPATI AL PRECI SION:  Conputes hydrograph at one point

TEMPCRAL PRECISION. Mnimumtime step = 1 ninute

OVERVIEW OF CAPABILITIES, ASSUMPTIONS: All assunptions associated with G een
and Anpt infiltration equation and kinematic wave nodel, capable of using tine

varying rainfall.

STRENGTHS
1. Semi-analytical solution of Kinenatic wave nodel.

2. Paraneter default values.

3. Interactive.

4.  Fast.

WEAKNESSES :

1. Only applies to a single plane.

2. Infiltration is not interactive with Kinenatic wave nodel.

INPUT REQUI REMENTS:  Time intensity rainfall, Geen and Anpt paraneters, slope
length and gradient, and Chezy or Manning coefficient.

QUTPUT PRODUCED:

1. Table of rates and ampbunts of rainfall infiltration, rainfall excess.
2. Hydrograph plot file.

3. Summary of totals.
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HYDROLOG C MCDELS | NVENTCRY

EVALUATI ON FORM

NAME OF MODEL:  KINEROS
FUNCTI ON:  Conputes runoff and erosion on planes and in channels.
AGENCY & OFFICE:  USDA- ARS

2000 E. Allen Rd.

Tucson AZ 85719

TECHNI CAL CONTACT:  Research Leader

Sout hwest Watershed Research Center

602 670- 6381

FTS- 762- 6481
MACHINE COMPATIBILITY: VAX VMS, |BM PC Conpatible
DOCUMENTATION: Extensive technical and user guide.
SPATIAL PRECISION: A few square neters to several square kiloneters.
TEMPORAL PRECISION:  Down to 1 minute step
OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS:  Kinematic wave nodel for runoff
events. Sinplified erosion nodel and choice of sediment transport
rel ationshi ps.

STRENGTHS: Good hydraulics, validated on small watersheds, infiltration
simlar to Green-Anpt. Distribuped.

WEAKNESSES: FErosion and sedinment transport options not validated. Event, not
continuous sinulation, model does not deal with snowrelt.

[ NPUT REQUI REMENTS: Detailed watershed topography, distributed channel
network, dimensions, and linkage. Distributed rainfall, infiltration, and
hydraul i ¢ roughness paraneters.

OUTPUT PRODUCED:  Runoff peaks and vol umes on planes and in channel network.
Runof f hydrographs and sedinment yield for individual events.
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HYDROLOG C MCDELS | NVENTCRY

EVALUATI ON FORM

NaME OF MODEL:  TLOSSH

FUNCTI ON: Conputes runoff volume, peak discharge, and transm ssion |osses
(infiltration loses to channel bed and banks) on semiarid watersheds.

AGENCY & OFFI CE: USDA- ARS
2000 E. Allen Rd.
Tucson AZ 85719

TECHNI CAL CONTACT:  Leonard J. Lane - 602 670-6381
FTS-762- 6481

MACHINE COVPATI BILITY: | BM PC Conpati bl e

DOCUVENTATI ON:

1.  An-code docunentation.

2. ASCE Journal Publications.

3. User Cuide under devel opnent.

SPATI AL PRECI SI ON: 1 hectare to about 25 sq km Rai nfall, curve nunbers, and
channel properties can vary in space.

TEMPORAL PRECI SION: Conputes total storm runoff, peak discharges, and
transm ssion |osses - an individual event nodel.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS:  Can conpute runoff volunes, peaks, and
transmssion |osses from historical storm rainfall amounts or from rainfall
frequency data. Conputes potential groundwater recharge from floods in stream
channel s.

STRENGTHS : Sinple, event mobdel. Mbst input from tables, default values, and
rainfall frequency. Has been calibrated in southwest.

WEARKNESSES: Uses nodified SCS runoff curve nunber technology, only an event
model (not continuous sinulation). Only validated in southwest (Arizona and
New Mexico). Does not deal with snownelt.

| NPUT REQUIREMENTS: \Mtershed geonetry: channel |engths and wi dths,
hydraulic conductivity, contributing areas, network |inkage. Runoff curve
nunbers, hydrograph shape paraneters, rainfall data.

QUTPUT PRODUCED:

1. Runoff peaks and volumes and transm ssion | osses.
2. A water balance for each event.
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HYDROLOGIC MODELS INVENTORY

EVALUATI ON FORM

NAME OF MODEL: WEPP Hillslope Version

FUNCTION:  Conpute erosion and sedinent yield from hillslopes and
representative overland flow profiles (USLE Repl acenent).

AGENCY & OFFICE:  USDA-ARS

National Soil Erosion Lab.

Purdue University

West Lafayette, |N 47907
TECHNI CAL CONTACT: Dr. J. M Laflen
MACHINE COVPATIBILITY: IBMPC Conpatible, VAX, UNX etc.
DOCUMENTATION: FExtensive, technical and user's guide.
SPATIAL PRECISION. 1 neter - 100 or nore meter hillslopes

TEMPORAL PRECISION. Mnimumtine step 1 mnute, conputes storm daily,
monthly, and annual erosion and sedinent vyield.

OVERVIEW OF CAPABI LI TI ES, ASSUMPTIONS: Mdern erosion nodel based on
hydrol ogy, hydraulics, erosion nmechanics, sedinent transport and deposition.

STRENGTHS : State-of-the-art erosion nodel. Continuous sinulation. Includes
climate generator and rainfall disaggregation procedures. WIIl be official
USDA nodel .

WEARNESSES: Still under validation and testing--not officially released yet
by USDA.

| NPUT REQUIREMENTS: Files for climte, topography, soils, managenent
(Cropl ands and Rangel ands) .

QUTPUT PRODUCED: Wthin storm storm by storm daily, nonthly, and annual
output: climte, hydrology, crop growth, erosion, and sediment yield.
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EVALUATI ON FORM

NAME OF MODEL:  CREAMS & GLEAMS

FUNCTION:  Agricultural water quality: hydrology, erosion, nutrients, and
pesticides from field-sized areas.

AGENCY & OFFICE:  USDA- ARS

P.O Box 948

Tifton, GA 31793
TECHNICAL CONTACT: Research Leader - Southeast Watershed Research
MACHINE COMPATIBILITY: |BM PC Conpatible & many others.
DOCUMENTATION: User guides and extensive technical publications.
SPATI AL PRECI SION:  Field-scale applications.
TEMPORAL PRECI SION:  Continuous simulation, daily tinme step
OVERVI EW COF CAPABI LI TI ES, ASSUMPTI ONS: Extensively tested and docunented and
accepted widely. Conputes storm daily, nonthly, and annual water bal ance,
sedinment yield, nutrient yield, and pesticide yield.

STRENGTHS : Extensively tested and docunented. Good user manuals.

WEARNESSES: Linmited to field scale (less than 10*-10° acres). Cunbersone
rainfall input format. Lack of graphic output.

| NPUT REQUIREMENTS: Soil, LAl, tenperature, radiation data, topographic data,
croppi ng- managenent data, daily precipitation data.

OUTPUT PRODUCED: Storm by storm daily, monthly, annual, and average outputs;
wat er bal ance, erosion and sedinment yield, chenical yields.
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EVALUATI ON FORM

NaME OF MODEL: TR-20 - Conputer Program for Project Fornulation Hydrol ogy

FUNCTION:  Assists in hydrologic evaluation of flood events by devel oping,
adding reach and reservoir routing hydrographs.

ACENCY & OFFICE: USDA - Soil Conservation Service
Nati onal Headquarters
Engi neering Division
Washi ngton, D.C.

TECHNI CAL CONTACT: Donald E. wWoodward FTS-475-5342
MACHI NE COWPATIBILITY: IBM and conpatibl e personal conputers.

DOCUMENTATION: TR-20 - Com.uter Program for Project Eval uation Hydrol ogy
(1983)

SPATI AL PRECI SION: Subwat ersheds up to 25 square niles - Total watershed area
up to several hundred square miles, subject to tenporal precision limts.

TEMPORAL PREC! S| ON: Times of concentration 0.1 hr. to 48 hrs.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Can route through 99 structures,
200 stream reaches, 99 alternates, 10 storms, 9 different rainfall

di stributions. Uses Mddified Attenuation - kinematic nethod for reach
routing and storage indication nethod for reservoir routing, initial
abstraction = .2s.

STRENGTHS : User friendly, uses easily obtainable input data, can do a variety
of alternatives.

WEAKNESSES: No provision for runoff l[osses from seepage or other causes,
initial abstraction-assumed = .25, where S = potential maxinum retention after
runof f begins.

| NPUT REQUIREMENTS: Drainage area, curve nunber, tine of concentration,
rainfall type and anount, channel cross section rating and reservoir
el evati on-di scharge-storage curves.

OQUTPUT PRODUCED: Hydrographs, cross section discharge-end area plots, sumary
tables with peak discharge rates, times and el evations.
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HYDROLOG C MODELS INVENTORY

EVALUATI ON FORM

NAME OF MODEL: TR-55 - Urban Hydrology for Small Watersheds

FUNCTION @  Sinplified procedures to calculate storm runoff volunme, peak
di scharge rates, hydrographs and storage vol umes.

AGENCY& OFFICE: USDA - Soil Conservation Service
Nati onal Headquarters
Engi neering Division
Washi ngton, D.C
TECHNI CAL CONTACT: Donald E. Woodward FTS-475-5342
MACH NE COWPATIBILITY: IBM and conpatible personal conputers.
DOCUMENTATION: TR-55 - Urban Hydrology for Small Watersheds, USDA-SCS, (1986)

SPATI AL PRECISION:  Where tenporal limt applies, generally a few acres to
several square mles.

TEMPORAL PRECI SION: Tines of concentration 0.1 hr. to 10 hrs.

OVERVI EW OF CAPABILITIES, ASSUMPTI ONS: Assumes open and unconfined flow over
land or in channels, initial abstraction = .28 where S = potential maximm
retention after runoff begins.

STRENGTHS : User friendly, uses easily available data.

WEAKNESSES: Tables with specific Tc and Tt values, output at one point, no
reservoir routing, no rainfall intensity factor in runoff equation, or
accounting for snow or frozen ground.

| NPUT REQUI REMENTS : Drainage area, curve number, times of concentration and
travel, rainfall type and anount.

OUTPUT PRODUCED:  Storm runoff vol unes, peak discharge rates, hydrographs,
storage vol unes.

-9




HYDROLOG C MODELS INVENTORY

EVALUATION FORM

NAME OF MODEL: HEC-1

FUNCTION: Cal cul ates runoff fromrainfall and snowmelt and produces a fl ood
hydr ograph and perfornms hydrol ogic routing.

AGENCY & OFFI CE: US Arny, Corps of Engineers
Hydr ol ogi ¢ Engi neering Center
609 Second St .
Davis, California 966

TECHNI CAL CONTACT:  Hydrol ogic Engineering Center 916-756-1104
MACHI NE COMPATIBILITY: Personal Conputer.

DOCUMENTATION: Program docunmented by "HEC-1, Flood Hydrograph Package, User's
Manual ," (1990). Updated as changes are nade.

SPATI AL PRECI SION:  Subbasins are treated as hydrologically and

met eorol ogi cal |y honmpgeneous areas. Average values are used for paraneters
and inputs for each individual subbasin. Precision may be altered by changing
the number and sizes of the subbasins.

TEMPORAL PRECI SION:  Tine increments are selected to match the particul ar
application. Typical time increments used vary from 15 minutes to 3 or

4 hours depending upon precipitation inputs, hydrologic response tine and
drai nage area.

OVERVI EW or CAPABI LI TIES, ASSUMPTIONS:  Cal cul ates runoff hydrographs starting
with precipitation increments. Provisions are also nmade for the calculation
of snowmelt runoff. A variety of methods are available for accounting for
infiltration and other |osses. Options are available for both river and
reservoir routing along with the ability to conbine hydrographs.

STRENGTHS @ The programis well maintained, versatile, fairly easy to apply,
uses standard nethods, thoroughly tested and technically sound. It is also
capabl e of sinulating flow over and through breached dans.

WEAKNESSES: Designed for planning and design flood studies. The HEC-1 nodel
is not readily applicable to real time and operational studies. However,
anot her version, HEC-1F, effectively handles real time situations. Presently
| acks nmenuing capabilities that nmay be available wth other personal conputer
prograns.

| NPUT REQUIREMENTS: Hydrologic runoff and routing paraneters, and snowpack,
tenperature, and precipitation inputs.

QUTPUT PRODUCED: Cal cul ations and hydrographs in tables. Linited graphics
are available using character plotting.
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HYDROLOGIC MODELS | NVENTORY
EVALUATI ON FORM
NAME OR MODEL: PRMS (Precipitation - Runoff Mbdeling System

FUNCTI ON: Sinmul ates the effects of various conbinations of climte and | and
use on watershed response.

AGENCY & OFFICE: U S. Ceol ogical Survey
Water Resources Division
Denver, Col orado

TECHNI CAL CONTACT:  CGeorge H Leavesley FTS-776-5026
303- 236- 5026

MACHINE COVPATIBI LITY: Mai nfranme, mniconputer, mcroconputer,
PC-DCS, UNI X wor kst ati on.

DOCUMENTATI ON: Leavesley, G G, Lichty, RW, Troutnan, B.M and Saindon,
L.G, 1983, Precipitation - Runoff Mbdeling System -- User's Manual:
U S. Ceological Survey Water Resources Investigations 83-4238, 207 p.

SPATIAL PRECISION: < 1 ha. to 10000 square km

TEMPORAL PRECISION:  Variable tine step - 24 hr time step in daily node and
1 mnute to 60 mnutes in storm node.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Watershed response to nornal and
extreme rainfall and snowrelt. Can be sinmulated to evaluate changes in water
bal ance relations, flow regines, flood peaks and volunes, soil-water
relations, sediment yields and ground-water recharge. Distributed paraneter
capabilities are provided by partitioning watershed using slope, aspect,

el evation, vegetation, soils, and precipitation characteristics.

STRENGTHS : Distributed paraneter, physically based, variable tine step,
optimzation and sensitivity analysis capabilities included. Statistical
anal ysis capabilities and extended streanflow prediction capabilities tested
in wde range of hydrologic conditions.

WEAKNESSES: No channel routing currently in 24 hr tine step, sedinent
transport conservative in channel, no chemcal quality conponent.

I NPUT REQUI REMENTS: Daily precipitation, max and nin tenperature and solar
radiation for 24 hour tinme step (solar radiation estimated if not available).
Precipitation in 1 to 60 minute increnents for storm nmbde. Basin
characteristics describing topography, soils, vegetation, geology and clinate.

QUTPUT PRODUCED: Streanflow, all water balance conponents, and all state
variables for the conplete basin and for each subarea defined in the basin for
each 24 hour time step. Daily, nonthly and annual averages of these val ues
are also conputed. Storm hydrographs and sediment graphs for each user
selected overland flow plane and channel or reservoir node at the stormtine
interval .
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EVALUATION FORM

NAME OF MODEL:  RUNOFF

FUNCTI ON:  Generalized urban watershed runoff prediction mdel for urban
stormvat er planning and managenent. The nodel includes water quality routing
as well as detention storage routing.

AGENCY & OFFICE: Departnent of Civil Engineering, Colorado State University
TECHNI CAL CONTACT:  John W Labadie, Professor 303-491-8596

MACHI NE COMPATIBILITY: |BM PC or conpatible version available; also running
on VAX stations under VMG,

DOCUMENTATION: User mmnual and docunentati on avail able.

SPATIAL PRECISION:. Currently dinmensioned for up to 100 subbasins; designed
primarily for urbanized or urbanizing areas.

TEMPORAL PRECISION:  Primarily an event-driven nodel but can be used for
continuous simulation; can be run at 5 minute time steps and an unlinted
nunber of total time steps.

OVERVI EW OF CAPABI LI TI ES, ASSUMPTI ONS: RUNCFF is a physically-based

simul ation nmodel enploying kinematic wave assunptions for calculating overland
flow and mnor drainage flow, enploys physically-based Geen-Anmpt infiltration
model ; enploys assunptions simlar to EPA's SWW nodel for water quality
routing. Is currently being used by Metro Seattle for real-tinme urban

stormwvat er control.

STRENGTHS : RUNCFF is simlar to the RUNOFF conponent of the EPA SWWM nodel ,
but is considerably nore efficient and conducive to real-tine runoff
prediction for urban stormmater nanagenent, whereas SWM is primrily a

pl anni ng nodel .

WEARNESSES: Does not include sone of the extended features of SWMM, such as
the snowmelt routines in SWW also, is not as well suited for continuous
simul ati on as SWwM

| NPUT REQUIREMENTS: Includes a fully interactive data input preprocessor wth
editing capability; requires nuch of the sanme input requirenents as the EPA
SWW nodel. Since RUNCFF is primarily a physically-based nodel, it is less
dependent on real-time urban runoff data for calibration, as opposed to nore
bl ack- box nodel s enploying unit hydrographs and synthetic unit hydrographs.

OUTPUT PRODUCED: An interactive graphical based output postprocessor is
avai l able with the VAX VM5 version of RUNOFF. The PC version provides
hardcopy output on runoff hydrographs and pollutographs for various water

qual ity constituents--high' speed printer plots are also available on nost
out put information.
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CATEGORY I11I
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Category IIT

Project and Ri ver System Operations Models

Thirty-six nodels in this category were inventoried. The majority of
these nodels are supported by the Bureau of Reclamation (BOR) and nore
than half are site specific. Inventories were also received fromthe
Corps of Engineers (Corps), Salt River Project (SRP), Colorado State
University (CSU), and Cornell and Texas A&M universities.

Name of Model Organization
CRSS (Col orado River Sinulation Systen) BCOR
FACP (Fryi ngpan- Arkansas Qperati ons Mdel) BCOR
Bi ghorn Basin Annual Operating Plan Model BOR
North Platte Annual Operating Plan Model BOR
Col orado Bi g Thonpson Annual Operating Plan Mdel BCOR
Fryi ngpan- Arkansas Annual Operating Pl an Model BOR
Western Division Hydropower Sunmmary Model BCOR
Western Division Annual Qperating Plan Mdel BCOR
PROSI M (Central Valley Project Sinulation) BOR
SANJASM (San Joaqui n Area Sinul ation) BCOR
CVGSM (Central Valley Surface and G ound Water) BCOR
FORCIS (Central Valley Qperational Forecast Mdel) BCOR
Truckee- Carson Water Qperations Mdel BCOR
BHOPS (Lower Col orado Daily Qperations) BCOR
Col orado River 24 Month Study Mdel BCOR
GLENREL (Operation of CRSP Reservoirs) BOR
Animas-La Plata Project Operations Mdel BOR
Dol ores Project Qperations Model BOR
SRPSIM (Salt River Project Operations Mdel) SRP
CAPSIM (Central Arizona Project Operations Mdel) BOR
YKMODEL (Yaki ma Basin Simulation Mdel) BOR
Water Supply Forecasting for Eastern Col orado

Projects Ofice Basins BOR
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Category III

Project and River System Operations Models (continued)

TAMMRAP (Monthly Reservoir Qperation and
Water Rights)

Wat er Operations Technol ogy Package

PNMOD (Reservoir Qperation and Routi ng)

DROPH (Daily and Hourly Reservoir Operation)
WORK17C (Single Reservoir Qperation Study)

Ri ver Network Model

HYDRCSS (Hydrol ogi ¢ Operations Study System
PNRRN (Monthly Reservoir System Simul ation)
OPSTUDY (Utility Program for Monthly Operations)
SSARR (Streanfl ow Synthesis and Reservoir Reg.)
HEC-5 (Operation of Reservoir - Channel Systens)
SIMJLOP (River - Reservoir Operations Simulation)
IRIS (Interactive River Simulation Program

MODSI M (Ri ver Basin Network Sinulation Mdel)
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HYDROLOGIC MODELS INVENTORY

EVALUATI ON FORM

NAMVE OF MODEL: Col orado River Simulation System (CRSS)

FUNCTI ON: Performs nonthly hydrologic sinulations of the Colorado River
System

AGENCY & OFFI CE:  USBR Denver O fice, Water Management Section

TECENI CAL CONTACT: Denni s O Connor (D5755) 303-236-5248
FTS-776-5248

MACHINE COVPATIBILITY: Control Data Cyber ~

DOCUMENTATION: Colorado River Sinulation System - Executive Summary,

Ronald J. Schuster, U S. Bureau of Reclamation, April 1987. Col orado River
Simul ation Systen - System Overview, U S. Bureau of Reclamation, My 1985.
Addi tional docunentation available on request.

SPATIAL PRECISION: Basin is divided into 25-30 reaches with each reach
capabl e of simulating one reservoir and as many as ten inflow and 10 diversion
points. In turn each diversion point can include as many as 10 individua
denands.

TEMPORAL PRECISION.  Monthly

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Mddel simulates streanflows, reservoir
inflows, contents, releases and power generation, deliveries and water quality
(in ternms of total dissolved solids). The model utilizes a basic assunption
of mass bal ance and, due to its nonthly tinefrane, does not consider travel
time. Additional assunptions are described in the docunentation.

STRENGTHS :  The nodel is well docunented and tested. It provides good detail
for a basin wi de nodel and is consistent with Reclamation's interpretation of
the "Law of the River".

WEAKNESSES: The npdel is site specific to the Colorado River and has
substantial time and space requirenents. It presently lacks sophisticated
graphi cal capabilities.

| NPUT REQUIREMENTS: Monthly hydrologic data (natural flow and salt data,
gains and | osses), projected demand data, area capacity and power generation
paranmeters as well as specific parameters used to control reservoir operation
and operating criteria. Mre detailed information is provided in the
docunent ati on.

OUTPUT PRODUCED:  Streanflows, reservoir operations and power generation
surmaries, salinity estimates (in TDS) and deliveries to water users.
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HYDROLOG C MODELS | NVENTORY

EVALUATI ON FORM

NAME OF MCDEL:  FACP

FUNCTION: Provides a nmonthly sinmulation of the operations of the Eastern
Slope Portion of the Fryingpan-Arkansas Project.

AGENCY & OFFICE: USBR Eastern Colorado Projects Ofice and USBR Denver Ofice

TECHNI CAL CONTACT:  Roger Weidel man (E700) 303-667-4410
Don Frevert (05755) 303- 236- 3809
FTS-776- 3809

MACHINE COWPATIBILITY: CDC Cyber

DOCUMENTATION:  Report entitled Review of Operations, Fryingpan-Arkansas
Project, Colorado, U S. Bureau of Reclamation, Septenber 1990. O her
materials in note form are available on request.

SPATI AL PRECISION.  The nodel focuses on three major reservoirs (Turquoise,
Twin Lakes and Pueblo) and provides hydrologic summaries for river reaches in
bet ween.

TEMPORAL PRECI SION:  Monthly

OVERVI EW OF CAPABI LI TI ES, ASSUMPTI ONS: The nodel schedul es releases to meet
demands, flow requirements and rule curves. It provides operational summaries
of reservoirs, ownership of water by entity, gains and losses in reaches
between reservoirs and flows at critical points within the basin. The nodel
operates on the assunption of mass bal ance.

STRENGTHS: The nodel has been checked extensively for streanflow, reservoir
content, ownership and other hydrologic calculations. It reflects
Reclamation's interpretation of project operational procedures within the
Arkansas Basin.

WEAKNESSES:  The nodel is incapable of simulating water quality and |acks
graphical capabilities. Power generation estinmtes have not been verified.

I NPUT REQUI REMENTS: Monthly values for 27 hydrol ogic paraneters including
natural flows, inports, storable water, downstream demands and gains and

| osses. Rule curves, capacities, ownership linitations and initial conditions
are set in the control portion of the input file. Municipal demands and
certain other key variables are entered through data statements and "wired"
code.

OQUTPUT PRCDUCED: Monthly and yearly summaries of flow, ownership, reservoir
operations and gains and | osses.
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HYDROLOG C MODELS | NVENTORY

EVALUATION FORM

NAME OF MODEL: Bighorn Basin Annual Operating Plan Mdel

FUNCTION. Site specific monthly operations for Buffalo Bill, Boysen, and
Bi ghorn Reservoirs.

AGENCY & OFFI CE: USBR, Mntana Projects Ofice (MPO

TECHNI CAL CONTACT: Tim Felchle (MI-450) FTS-585-6516
406- 657- 6516

MACHI NE COMPATIBILITY: VAX 6200 in Billings, M

DOCUMENTATION: Specific nodel docunmentation in MIPO.  General nodel
docunentation in Regional office, Attn: GP-1100.

SPATI AL PRECI SION:  Reservoir-by-reservoir for storage targets initially.
Then | ooks at project as a whole to neet irrigation demands and to mnimze
spills.

TEMPORAL PRECI SION:  Monthly operations

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Can sinulate project operations for up
to 10 years. Distribution of inflows is based on statistical analysis. Run
for mninum maxi mum and probable inflow conditions.

STRENGTHS : Very good nonthly operations nodel, hydrology and power operations
simul ated very accurately.

WEAKNESSES: Not as precise as a daily nodel during runoff season.

| NPUT REQUIREMENTS: Inflows, reservoir storage targets, capability factors,
irrigation demands, nininum releases, evaporation factors, initial nonth, vyear
and storage.

OQUTPUT PRODUCED: I nflows, punped anount, river releases, turbine releases,
bypass or spill, reservoir storage and elevation, evaporation, seepage, tunnel
flows, max tunnel capacity, depletions, irrigation denmands and rel eases,
metered deliveries, max generation, actual generation, % of nax generation,
aver age KWH/AF, punp energy, mn and nax generations and correspondi ng
durations, tunnel and release flexibility and corresponding generation.
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HYDROLOG C MODELS | NVENTCRY

EVALUATION  FORM

NAME OF MODEL: North Platte Annual QCperating Plan Mdel

FUNCTION : Site specific nonthly operations for the North Platte, Kendrick,
and Glendo Projects.

AGENCY& OFFICE: USBR, North Platte Projects Ofice (NPPO)

TECHNI CAL CONTACT:  Ed Kouma (C 405) FTS-328-5633
307-261- 5633

MACHI NE COMPATIBILITY: VAX 6200 in Billings, Mr

DOCUMENTATION : Specific nodel documentation in NPPO.  General nodel
documentation in Regional office, Attn: GP-1100.

SPATI AL PRECI SION:  Reservoir-by-reservoir for storage targets initially.
Then |ooks at project as a whole to neet irrigation demands and to mnimze
spills.

TEMPORAL PRECI SION:  Monthly operations

OVERVIEW OF CAPABILITIES, ASSUWPTIONS: Can simulate project operations for up
to 10 years. Distribution of inflows is based on statistical analysis. Run
for mnimum maxi num and probable inflow conditions.

STRENGTHS :  Very good nonthly operations nodel, hydrology and power operations
sinulated very accurately.

WEARNESSES: Not as precise as a daily nodel during runoff season.

| NPUT REQUIREMENTS: Inflows, reservoir storage targets, capability factors,
irrigation demands, nininmum releases, evaporation factors, initial nonth, year
and storage.

OUTPUT PRODUCED: |Inflows, punped amount, river releases, turbine releases,
bypass or spill, reservoir storage and elevation, evaporation, seepage, tunnel
flows, max tunnel capacity, depletions, irrigation demands and rel eases,
metered deliveries, max generation, actual generation, % of max generation,
average KWH/AF, punp energy, min and max generations and corresponding
durations, tunnel and release flexibility and corresponding generation.

[11-6




HYDROLOG C MCDELS | NVENTCRY

EVALUATI ON FORM

NAME OF MODEL: Col orado-Bi g Thonpson Annual Operating Plan Mbdel
FUNCTION. Site specific nonthly operations for the CBT Project.

AGENCY & OFFICE: USBR, Eastern Colorado Projects Ofice (ECPO)

TECHNI CAL CONTACT: Ed Everaert (E-1400) 303-667-4410

MACHI NE COWPATIBILITY: vaxX 6200 in Billings, MI

DOCUMENTATION: Specific nmpbdel docunmentation at ECPO Lovel and, Col orado,
Attn: E-1400. General nodel docurmentation at Regional office, Attn: GP-1100.

SPATI AL PRECISION:  Reservoir-by-reservoir for storage targets initially.
Then | ooks at project as a whole to neet irrigation demands and to mnimze
spills.

TEMPORAL PRECI SION. Monthly operations

OVERVIEW OF CAPABI LI TIES, ASSUMPTIONS: Can sinulate project operations for up
to 10 years. Distribution of inflows is based on statistical analysis. Run
for mininum maxi mum and probable inflow conditions.

STRENGTHS : Very good nonthly operations nodel, hydrology and power operations
simul ated very accurately.

WEAKNESSES: Not as precise as a daily nodel during runoff season.

| NPUT REQUIREMENTS: I nflows, reservoir storage targets, capability factors,
irrigation demands, nininum releases, evaporation factors, initial nonth, vyear
and storage.

OUTPUT PRCDUCED: I nflows, punped amount, river releases, turbine releases,
bypass or spill, reservoir storage and elevation, evaporation, seepage, tunnel
flows, max tunnel capacity, depletions, irrigation demands and rel eases,
metered deliveries, max generation, actual generation, % of nmmx generation,
average KWH/AF, punp energy, nin and max generations and corresponding
durations, tunnel and release flexibility and correspondi ng generation.
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HYDROLOG C MCDELS | NVENTORY

EVALUATI ON  FORM

NAME OF MODEL:  Fryingpan- Arkansas Project Annual Operating Plan Mbdel

FUNCTION: Site specific nonthly operations for features of the Fryingpan-
Arkansas Project.

AGENCY & OFFI CE: USBR, Eastern Col orado Projects Ofice (ECPO)
TECHNI CAL CONTACT: Ed Everaert (E-1400) 303-667-4410
MACHINE COWPATIBILITY: VAX 6200 in Billings, M

DOCUMENTATI ON: Specific nodel documentation in ECPO.  General nodel
docunentation in Regional office, Attn: GP-1100.

SPATI AL PRECI SION:  Reservoir-by-reservoir for storage targets initially.
Then | ooks at project as a whole to neet irrigation demands and to mnimze
spills.

TEMPORAL PRECISION:  Monthly operations

OVERVI EW OF CAPABI LI TI ES, ASSUMPTIONS:  Can sinulate project operations for up
to 10 years. Distribution of inflows is based on statistical analysis.

STRENGTHS:  Very good nonthly operations nodel, hydrology and power operations
simul ated very accurately.

WEAKNESSES: Not as precise as a daily nodel during runoff season.

| NPUT REQUIREMENTS. Inflows, reservoir storage targets, capability factors,
irrigation demands, mininum releases, evaporation factors, initial nonth, vyear
and storage.

QUTPUT PRODUCED:  Inflows, punped anount, river releases, turbine releases,
bypass or spill, reservoir storage and elevation, evaporation, seepage, tunnel
flows, max tunnel capacity, depletions, irrigation denands and rel eases,
metered deliveries, max generation, actual generation, % of nax generation,
average KWH/AF, punp energy, mn and max generations and correspondi ng
durations, tunnel and release flexibility and correspondi ng generation.

[11-8



HYDROLOG C MCDELS | NVENTCRY

EVALUATION FORM

NAME OF MODEL: Western Division Power System Hydro-Power Summary Model
FUNCTION. Site specific monthly power operations for Western Division System
AGENCY & OFFICE: USBR, Eastern Colorado Projects Ofice

TECHNI CAL CONTACT: Ed Everaert (E-1400) 303-667-4410

MACHI NE COWVPATIBILITY: VAX 6200 in Billings, M

DOCUMENTATI ON:  Specific nodel docunentation at ECPO.  General nodel
docunentation in Regional office, Attn: GP-1100.

SPATI AL PRECI SION: Powernlant-by-powerplant, summed up for the system
TEMPORAL PRECI SION:  Monthly power operations

OVERVI EW OF CAPABILITIES, ASSUMPTIONS: Monthly power operations can be
simulated for the Western Division System for up to 10 years. Assume nonthly
| oads for Western Division Power System

STRENGTHS : Very good nonthly projection of power operations for hydropower
plants in the Western Division System

WEAKNESSES: Powerplant outages are difficult to show on a nonthly basis when
the outage is only for a portion of the nonth.

| NPUT REQUIREMENTS: All of the input requirenents except one are the output of
the power operations derived from the four basin hydrol ogy nodels encl osed.
The nmonthly Western Division System power load is input.

OUTPUT PRODUCED: Base generation, load follow ng generation, punp energy,

total net generation, total system load, required energy inports, system
surplus generation, power release flexibility, capacity and duration.
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HYDROLOGIC MCDELS | NVENTCORY

EVALUATION FORM

NAME OF MODEL: Western Division Annual Operating Plan

FUNCTION:. Monthly water and power operation of the Western Division System
Facilities

AGENCY & OFFICE: usBr, Eastern Colorado Projects O fice (ECPO)
TECHNI CAL CONTACT: R E. Bellany (E-1400) 303-490-7463
MACHINE COVPATIBILITY: vax 6200

DOCUMENTATION: Specific nodel docunentation in ECPO Joint Operation
Center (E-1400)

SPATI AL PRECI SION:  See discussion in "Qutput Produced" section.

TEMPORAL PRECI SION:  Monthly sinulation

OVERVIEW OF CAPABI LI TI ES, ASSUMPTIONS:  Program determines nonthly hydropower
operation of the Western Division system for one or nore'years under various
wat er supply conditions. Using current operating criteria, probable inflows,
estimated system power |oads and desired maintenance schedule, the program
plans nonthly operation to meet power |oad and water requirenents.

STRENGTHS : Integrated nature of system operation

WEAKNESSES: O der Fortran | anguage program

| NPUT REQUIREMENTS: Requires inflows, power system |loads, water delivery
requirenents and desired maintenance schedul es.

QUTPUT PRODUCBD:  Produces simulated nonthly operating plan for twenty-two
storage and regulating reservoirs and sixteen power plants. Sumarizes

i ndividual plant and system gross and net generation. Displays system surplus
or deficiency in energy to neet projected |oads.
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HYDROLOG C MCDELS | NVENTCRY

EVALUATI ON FORM

NAMVE OF MODEL: PROSIM (PRQIECT SI MULATION)

FUNCTION:  Simulates operation of California's Central Valley Project and
State Water Project

AGENCY & OFFI CE: Bureau of Reclamation, Md-Pacific Region, Division of
Pl anning and Technical Services, \Water Resources Branch

TECHNI CAL CONTACT: Derek Hilts (MP-710) FTS-460-5124
916-978-5124

MACHINE COMPATIBILITY: PCs with 640 K of RAM easily ported to other
pl at f or ns

DOCUMENTATION:  Contained within the code and by manual

SPATIAL PRECISION: Central Valley of California Subregions. Water Mvenent
is not hydraulically deternmn ned.

TEMPORAL PRECI SION:  Monthly

OVERVI EW OF CAPABILITIES, ASSUMPTIONS: Simulates the two major water projects
according to user specified reservoir operation rules, mnimmflow

requi rements, Ml and agricultural demands. Sinulation includes power

conmput ations and user specified punping.

STRENGTHS :  Tremendous flexibility in defining reservoir operation, mninmm
flow requirenents, punping and denmands. Short execution tine.

WEAKNESSES: No logic to prevent reservoir storages from going to zero.
San Joaquin Basin is not fully integrated.

| NPUT REQUIREMENTS: Inflows, |ocal accretions, demands, reservoir operation
criteria, mnimm flow requirenments, nodal relations, switch settings, power
criteria, historic groundwater operation.

OUTPUT PRODUCED: Echo of input, shortages, storages, flows, calculated
pumpages, accretions (calculated), in short all water bal ance itens.
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HYDROLOG C MCDELS | NVENTCRY

EVALUATI ON FORM

NAME OF MODEL:  SANJASM ( SAN JOAQUIN AREA SI MULATI ON MODEL)

FUNCTION:  Sinulates operation of the San Joaquin River system of California's
Central Valley plus the Calaveras River. Model is presently being finalized.

AGENCY& OFFICE: Bureau of Reclamation, Md-Pacific Region, Division of
Pl anning and Technical Services

TECHNI CAL CONTACT: Dave Hai sten (MP-710) FTS- 460- 4960
916~978-4960

MACH NE COWVPATIBILITY: PCs with 640K of RAM easily ported to other platforns
DOCUMENTATION: Sone docunentation wthin code, manual being devel oped.

SPATI AL PRECI SION:  Southern portion of California's Central Valley
(ie San Joag-uin and Cal averas River basins)

TEMPORAL PRECI S| ON: Mont hly
OVERVIEW OF CAPABILITIES, ASSUWPTIONS: Simulates the operations of Federal

and private water projects and stream systens according to user specified
reservoir operation rules, ninimm flow requirements, demands for M and

agricultural water and flood control. Sinulation includes user specified
punpi ng.
STRENGTHS : Trenendous flexibility in defining reservoir operations, mninum

flow requirements, groundwater punping and demands.  Short execution tinme.
WEARNESSES: No logic to prevent reservoir storages from going to zero.

| NPUT REQUIREMENTS: Inflow, |ocal accretions, demands, reservoir operating
criteria, mnimmflow requirements, groundwater pumpage, evaporation rates,
nodal relations and switch settings.

QUTPUT PRODUCED. Echo of input, shortages, storages, flows, calculated
groundwat er punpages, calcul ated accretions (all water bal ance itens).
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EVALUATI ON FORM

NAME OF MODEL: CVGSM (CENTRAL VALLEY GROUNDWATER AND SURFACE WATER MODEL)

FUNCTION. To sinulate water distribution/ novenent throughout the entire
Central Valley of California. This mpdel is actually an application of the
|GSM (Integrated G oundwater/Surface Water Model)

AGENCY & OFFI CE: Bureau of Reclamation, Md-Pacific Region, Division of
Pl anning and Technical Services, Water Resources Branch.

TECHNI CAL CONTACT:  Jeff Sandberg or Derek Hilts (M ?-710)
FTS-460-5124 or 916-978-5124.

MACHINE COVPATIBILITY: Fortran Code requiring 2+mb of RAM on 80386 based
machi ne.

DOCUNNNTATI ON: Sunmary report for CVGSM user's nmnual and docunentation
exist for |GSM

SPATI AL PRECI SION:  CVGSM nodel consists of 1392 elenents covering the Central
Val ley floor. The average size of each element is 14 square mles. The
finite elenment nethod is used. Precision limted by data. |GSM may be
applied to any area and segnented into any nunber of subareas.

TEMPORAL PRECI SION:  Monthly

OVERVIEW OF CAPABI LI TIES, ASSUMPTIONS: CVGSM assunes that npst water use
characteristics for the Central Valley can be described in terns of

21 regional units. It is capable of producing many mass bal ance budgets for
each of the 21 regions.

STRENGTHS : This nodel lends itself to a wide range of nodeling efforts when
| arge scale questions are important. It is very flexible.
WEAKNESSES: The nodel is very data intensive and rather involved. It is not

easily accessible to many first tine users.

| NPUT REQUIREMENTS: Extensive! Land use patterns, streanflow regines,
precipitation records, crop patterns, surface water diversions, groundwater
punpi ng records and much nore.

OUTPUT PRODUCED: Stream or groundwater hydrographs. Mass bal ance budgets for
streanfl ow, groundwater, soil, land and water use, all by regional basis.
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EVALUATI ON FORM

NAME OF MODEL: FORCIS

FUNCTI ON:  Qperational forecasting nodel for Central Valley Project Water and
Power Qperations

AGENCY & OFFICEE USBR - Mp Region - Central Valley Qperations Ofice

TECHNI CAL CONTACT:  John Bur ke W 2800) 916-978- 5232
FTS-460- 5232

MACHINE COWPATIBILITY: CYBER (Fortran Code)

DOCUMENTATION: User's Manual (February, 1987). Includes summary description,
i nput requirenents, conputational procedure and listing of code.

SPATIAL PRECISION: Al outputs are' fordiscrete nodes.

TEMPORAL PRECI SION:  One nonth units, all outputs are either end of nonth,
total nonthly or average nonthly.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: "FORCIS"™ is capable of describing the
pl anned operations of the cve for up to ten years in the future. The degree
of detail required in developing inputs and running the nodel interactively
make it practical for npbst purposes up to only a 12 nonth anal ysis.

STRENGTHS : The program pernits the user to blend interactive decision nmaking
with rules and strategies that are coded into the nodel, thus simulating the
flexibility often required in "real" project operations.

WEAKNESSES: Time consuming because of amount of input data devel opnent and
relative conplexity of running the nodel interactively. Accuracy of
forecasting operations linked directly to accuracy of inputs. Accuracy tends
to dimnish with tinme.

| NPUT REQUI REMENTS:  Reservoir inflows, target storages and rel eases,

unregul ated system inflows, water delivery requirements, energy and power
constraints.

QUTPUT PRODUCED: Tables of up to 12 nonths of forecasted water and power
operations data for each of the Central Valley Project (cvp) facilities.
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GLOBAL CL| MATE CHANGE RESPONSE PROGRAM
Hydrol ogi ¢ Mdel s Inventory

Eval uati on Form

NAME OF MODEL: Truckee - Carson \Water Operations Model

FUNCTION: To provide managenent inpacts to inflows to Pyramd Lake resulting
from alternative diversions from the Truckee River.

AGENCY AND OFFI CE:  Bureau of Reclamation, Carson City, NV
TECHNI CAL CONTACT: Robert W Young, Md-Pacific Region, Sacranento, CA

MACHI NE COMPATIBILITY: 386 class microconputer, FORTRAN 77 conpiler, math
coprocessor, and Denver's CYBER Conputer System (outdated version). Program
consists of over 50 subroutines and over 10,000 |ines of code.

DOCUMENTATION: Documentation available for nodel of record, 1989. Changes to
docunentation have not been made to subsequent changes.

SPACI AL PRECI SION:  Truckee and Carson River Watershed areas. A conprehensive
1900- 1989 historic data base exists for hydrologic paraneters, inflows,
precipitation, and evaporation.

TEMPORAL PRECISION:  The nodel is run for either 80 or 89 years using actual
hydrol ogi c paraneters. The model runs nonthly. Mddel has been nodified to
run for a period of 200 years using "stochastically" created hydrol ogy.

OVERVI EW oF CAPABI LI TIES, ASSUWPTIONS: Mdel keeps tract of water by nonth
for period of record, either 80 or 89 years. Mdel output shows resultant
conditions based on set of alternatives. Mdel has tremendous anount of
flexibility in allocating the demands and matching sources of water.

STRENGTHS : The use by the Technical Advisory Team in making decisions. Team
recogni zes strengths and weaknesses. Use has been extensive in witing the
Truckee Carson E.I.S. and subsequent negotiated settlenent.

WEAKNESSES: Undocumented portion of the "black box" which determnes historic
depletions in the Truckee Meadows.

| NPUT REQUI REMENTS:  The nodel requires the following input files:
TCDATFIL, an 89-year historic hydrology file,
NCONCOF, an initial condition file,
NRUNDATA, a paraneter file describing all of the options and switches, and
LI NENAME, a file used to for witing the output file.

OUTPUT PRODUCED:  Four pages of output for each nodel year. About 350 pages

(2,000,000 bytes) produced for each run. File is usually scanned for key
output values and then discarded.
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HYDROLOGIC MODELS [ NVENTORY

EVALUATI ON FORM

NaME OF MODEL:  BHOPS

FUNCTION: Lower Colorado River Daily Operation of Flow, Reservoirs and Power.
Ei ght week projection, can project one year if needed.

AGENCY & OFFI CE: U S. Bureau of Reclamation, LC Region

TECHNICAL CONTACT: Alden Briggs (K-460) FTS-598-7677
702-293- 8677

MACHINE COVPATIBILITY: Vax (witten in Fortran)

DOCUMENTATION: Available, but may be somewhat outdated.

SPATI AL PRECI SION:  Focuses on reservoirs and delivery points in LC region.
TEMPORAL PRECISION.  Daily

OVERVI EW OF CAPABI LI TI ES, ASSUVPTIONS: Tracks |ower basin water releases
(Senator Wash, Inperial, Hoover, Davis and Parker), power produced, reach

| osses and gains, CAP, MAD and CRIR diversions, flow at inperial. This daily
operation nodel assumes inflows as releases from upstream the output is
fairly accurate on a daily and nonthly basis.

STRENGTHS : G ves good results on Hoover generation, gives a good idea of what
may happen in the next two to four weeks of operation.

WEAKNESSES: Hand input nodel. The nodel is not easy to make changes to. It
is not very "user friendly" (input, file structure, program etc.) for first
time users.

| NPUT REQUI REMENTS:  Needs approxi mately seven days of history to run. Also
needs two nonth daily projection of downstream demands and firm energy.

QUTPUT PRODUCED. Projected eight weeks of daily flow, reservoir contents,

diversions and power generation for Hoover, Davis, Parker and Senator Wash
Dans. Can output up to a year if needed.
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EVALUATION FORM

NAME OF MODEL: 24-Month Study Model

FUNCTION: Produces Colorado River System 24 nonth projection of flow,
reservoir contents, major diversions and power system generation.

AGENCY & OFFICE: U.S. Bureau of Reclamation, Lower and Upper Col orado Regions

TECHNI CAL CONTACT: Alden Briggs (LC 460) FTS-598-7677
702-293-8677

Randy Peterson (uc-430) FTS-588-5571

801-524-5571

MACHINE COMPATI BILITY: Cyber System Sun Work Stations
DOCUMENTATION: Sone available

SPATI AL PRECISION: Focuses on key reservoirs and delivery points in the
Col orado Basi n.

TEMPORAL PRECISION.  Monthly up to 24 nonths

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Primarily a nonthly accounting nodel.
Qutputs supplies to lower basin and gives a way of tracking najor changes in
the Colorado Basin as the cal endar year progresses. Release decisions are
manual |y input.

STRENGTHS : Month-to-month evaluation of both upper and | ower basin
oper ati ons.

WEAKNESSES: Additional output points require Fortran programm ng.

| NPUT REQUI REMENTS:  24-nonth projection of inflows, downstream demands, firm
energy, forced rel eases, nmmintenance schedul es, diversions and target
contents.

QUTPUT PRODUCED: Projected 24 nmonths of nonthly flow, reservoir contents and
el evation, power generation for 11 dans and ngjor diversions.
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EVALUATI ON FORM

NAME OF MODEL:  GLENREL

FUNCTION.  Sinulate operation of CRSP dans using actual existing strategies
and forecasts

AGENCY & OFFICE: U S. Bureau of Reclanmation, Upper Colorado Regional Ofice

TECHNI CAL CONTACT:  Randy Peterson (UG 430) FTS-588-5571
801-524~5571

MACHI NE COWVPATI BI LI TY: | BM PCs and Vax

DOCUMENTATION: None available as of February, 1991. Mdel still being
refined.

SPATI AL PRECI SION:  Focuses on CRSP damns

TEMPORAL PRECI SION:  Monthly

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Provides operational sinulation of
CRSP dans based on forecast information and operation strategies given as
i nput .

STRENGTHS : Provides better operational simulation than CRSS

WEAKNESSES: Currently uses small nunber of input years (26) to run
si mul ati on.

| NPUT REQUIREMENTS: Self contained

QUTPUT PRODUCED: Monthly rel eases, storage, power revenue generated.
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HYDROLOG C MODELS | NVENTORY

EVALUATION FORM

NAME OF MODEL: Animas - La Plata Operation Study

FUNCTION: Provide river and reservoir operations for with and without project
condi ti ons.

AGENCY & OFFICE: USBR, Durango Projects Ofice, Durango, Colorado

TECHNI CAL CONTACT:  Errol Jensen, Gayle Brown FTS-323-6500
303- 385- 6500

David Read FTS-776-6240

303- 236- 6240

MACH NE COWVPATIBILITY: CDC Cyber or VAX Conputer

DOCUMENTATI ON: Conpl ete Users Manual available with definitions of
paraneters, run instructions, colum by colum descriptions and sanple input
files.

SPATIAL PRECISION: Irrigation water delivery to nine areas ranging from
500 to 16,000 acres. Minicipal water and industrial water delivery to four
cities, two rural water districts and three Indian tribes. The various
delivery points are shown.

TEMPORAL PRECI SION:  Daily

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Site specific operations. Has a
somewhat unique capability to convert nmonthly consunptive use into daily
irrigation requirenents including soil noisture depletion, winter refill,
preseason irrigation and other paraneters. Regulates two storage reservoirs
and two punping plants. Calculates project water supply shortages based on
avai |l able water supply.

STRENGTHS : Versatility and diverse capabilities.
WEAKNESSES : Extensive data requirenents.

| NPUT REQUIREMENTS: Very extensive daily and nonthly data. Fairly extensive
control input paranmeters.

OUTPUT PRODUCED: Monthly and daily colum by colum and nonthly and yearly
summari es. Has extensive "bells and whistles".
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EVALUATI ON FORM

NAME OF MODEL: Dol ores Project Operation Study

FUNCTION:  Provide river and reservoir operations for with and without project
condi ti ons.

AGENCY ¢ OFFICE:  USBR, Durango Projects Ofice, Durango, Colorado

TECHNI CAL CONTACT:  Errol Jensen, Gayle Brown FTS-323-6500
303-385- 6570

MACH NE COWPATIBILITY: CDC Cyber or VAX Conputer

DOCUMENTATION: Colum by colum description of output files and sone
description of sanple input files.

SPATIAL PRECISION:  Irrigation water delivery to 26,000 acres of supplenental
service land and 27,860 acres of non-Indian and 7500 acres of Indian full
service land. Minicipal water supply to three comunities, including Towaoc
on the UWe Muntain Ue Indian Reservation, and a rural water district in the
project area. Water is nmade available for fish and wildlife purposes and a
fishery has been created below the main storage feature. The various delivery
| ocations are shown.

TEMPORAL PRECI SION:  Monthly out put

OVERVI EW oF CAPABI LI TIES, ASSUMPTIONS: Site specific operations. Yearly
irrigation and nunicipal demands remain constant. The project water supply to
the supplenmental service land varies and is deternmined by the flow in the

Dol ores River during the irrigation season. Fishery releases also vary and
are determned by the amount of water in the main storage reservoir at set
decision points (different times of the year). Calculates project water
supply shortages based on the available water supply.

STRENGTHS : Versatility and diverse capabilities.

WEAKNESSES :  Cal cul ations are done on a nonthly basis. Requires extensive
data. Logic is sonmewhat conplicated and modification is difficult.

| NPUT REQUIREMENTS: \ery extensive daily and nmonthly data. Qutput from the
pre-project operation study (operation wthout project conditions) is required
to operate the project operation study (operation with project conditions).
Requires fairly extensive control input paraneters.

QUTPUT PRCDUCED: Monthly colum by colum and monthly and yearly summari es.
Has extensive "bells and whistles".
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EVALUATION FORM

NAME OF MODEL:  SRPSIM

FUNCTION:  Sinmulates the operation of the system of reservoirs which are
operated by the Salt River Project.

AGENCY & OFFI CE: Salt River Project, Phoenix, Arizona

TECHNICAL CONTACT: sRP- John Keane (602) 236-5087
Recl amation - Mke Lee (APO 450) 602-870-6713
FTS-765- 1713

MACHI NE COMPATIBILITY: Programwitten in FORTRAN |V and run on SrRp’s | BM
mai nfrane conputer.

DOCUMENTATION: Available
SPATI AL PRECI SI ON: Salt and Verde River Reservoirs

TEMPORAL PRECI SION:  Both input and output are given nonthly per water year,
beginning in October and ending in Septenber.

OVERVIEW OF CAPABILITIES, ASSUMPTIONS: To sinplify the nodeling effort, the
| ower three reservoirs of the Salt River are treated as one. The program
nodel s Roosevelt, the Lower Salt, Horseshoe, and Bartlett Reservoirs. For a
given water demand, the program determnes the amount of groundwater and
surface water required to satisfy that demand, based on historic reservoir
inflows. The program then operates the reservoirs according to fixed
operating criteria and perfornms accounting of the nmjor SRP water contracts.

STRENGTHS : Useful as an aid in long term planning.

WEAKNESSES: Not especially helpful on a real time basis.

| NPUT REQUIREMENTS: The program requires four input files which contain
reservoir storage levels at Roosevelt and Horseshoe, annual water demands,
contents-area-el evation data for each reservoir, and historic monthly inflow
dat a.

OQUTPUT PRODUCED: Mbinthly reservoir releases, |osses, spills, contents,
groundwat er punpi ng, hydrogeneration and system water accounting.

[1-21



HYDROLOG C MCDELS | NVENTORY

EVALUATI ON FORM

NAME OF MODEL: CAPSIM
FUNCTION: Long range operations nodel for the Central Arizona Project.
AGENCY & OFFICE: USBR, Arizona Projects O fice, Phoenix, Arizona

TECHNI CAL CONTACT: M ke Lee (APO 450) 602-870-6713
FTS-765-1713

MACHI NE COMPATIBILITY: USBR (Denver Ofice) CYBER conputer.
DOCUMENTATION: Available

SPATI AL PRECI SION:  Focuses on reservoirs and delivery points in the Central
Arizona Project.

TEMPORAL PRECI SION: Monthly

OVERVI EW OF CAPABI LI TIES, ASSUWPTIONS:  The nodel consists of two parts,
DEMMOD and CAPSIM  DEMMOD nodel s CAP water demands. Its output files are
used by CAPSIM along with Colorado River Simulation System (CrRSS) hydrol ogic
data, to nodel CAP operations. CAPSIM estinates seepage and evaporation

| osses from both the aqueduct and New Waddell Reservoir. Currently,

31 control points are nodelled. GCeneration from New Waddell Dam is estimated,
as well as lake elevations and volumes. Punp energy requirements are also
esti mat ed.

STRENGTHS : Especially useful for estimating project power needs and
quantities of water delivered to CAP subcontractors based upon projected
supplies fromthe Colorado River and projected denands.

WEAKNESSES: CAPSIMis difficult to make changes to. The nodel is not "user
friendly." Therefore, "what-if" analyses are difficult to do.

I NPUTREQUI RENENTS: CAP demand output from DEMMOD, a sister program residing
on the USBR Denver Ofice CYBER.  Also, historic hydrol ogic data from CRSS,
called traces.

OUTPUT PRODUCED: Hardcopy or microfiche tables are produced for each

hydrol ogic trace. Generally 16 CRSS hydrologic traces are used in a CAPSIM
analysis. Currently, CAPSIM projects CAP operations up to the year 2034.
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EVALUATION FORM

NAME OF MODEL:  YKMODEL (Version of USMD)
FUNCTION:  Planning operation simulation for Yakima Basin
AGENCY & OFFI CE: USBR, PN Region, Boise, |daho

TECHNI CAL CONTACT:  Roger Larson (PN-708) FTS-554-9142
208-334-9142

MACHI NE COWVPATIBILITY: VAX Conputer (witten in FORTRAN).

DOCUMENTATION: Good for the present application.

SPATI AL PRECI SION:  Specified reservoirs and river |ocations.

TEMPORAL PRECISION:  Monthly tinme increments. Runs on a water year basis.
OVERVIEW OF CAPABI LI TIES, ASSUMPTIONS: Diversions are restricted according to
basin specific water rights. Reservoir operation is demand driven or based on
user defined “"opcodes".

STRENGTHS : Flexibility in reservoir operation.

WEAKNESSES: User nust dictate diversion entitlement for each year. WII not
adjust diversions for lack of water supply.

| NPUT REQUI REMENTS:  Basin configuration, diversions and |ocal gains for each
time step.

OUTPUT PRODUCED: Wred for basin application. Standard "col um" output. WSP

type of tables. Utilities produce hydrographs, histograns, flow duration
curves.

[11-23



HYDROLOGIC MODELS | NVENTCRY

EVALUATION FORM

NAME OF MODEL: \Water Supply Forecasting (Snowrelt Runoff)

FUNCTI ON:  Snowmelt runoff forecasting

AGENCY& OFFI CE: USBR, Eastern Col orado Projects Ofice (ECPO)

TECHNI CAL CONTACT: R E. Bellany (E-1400) 303-490-7463

MACHINE COMPATIBILITY: vax 6200

DOCUMENTATI ON:  Docunentation in ECPO Joint Operation Center (E-1400)

SPATI AL PRECI SION:  Sel ected data station |ocations

TEMPORAL PRECI SION:  Seasonal (April-July) runoff volunes

OVERVIEW OF CAPABILITIES, ASSUMPTIONS:  The program procedures in multiple
linear correlation are based on the Bureau of Reclamation's Engineering
Monograph No. 2 by Perry Ford dated June 1953. Crout’s nmethod is used in
solution of the linear equations

STRENGTHS :

WEAKNESSES :

| NPUT REQUIREMENTS: Primary input data is the observed station data for
runoff, snow and precipitation for a given watershed. The program will handle
up to 34 years of record

OUTPUT PRODUCED: Listing of station data (input) along with actual and
estimated runoff are conpared for the period of record. Following the table
of conparison, the forecast equations are shown for the average solution and

best weighted solution. Values of the coefficient of correlation and standard
error of estimate for each solution are shown.
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HYDROLOGIC MODELS INVENTORY

EVALUATI ON FORM

NAMVE OF MODEL:  TAMUWRAP, The Texas A&M University Water Rights Analysis
Program

FUNCTION: Water Rights Analysis

AGENCY & OFFICE: Departnent of Civil Engineering
Texas A&M University
Col | ege Station, Texas 77843

TECHNI CAL CONTACT: Dr. Ral ph A Wirbs

MACHI NE COMPATIBILITY: The nodel has been conpiled for IBM PC microconputers
and VAX miniconputers. The FORTRAN 77 source code is available for
conpilation on any conputer.

DOCUMENTATION: R A Wirbs, D.D. Dunn and WB. Walls, "Water Rights Analysis
Program (TAMUWRAP) Mddel Description and Users Manual," Technical Report 146,
Texas Water Resources Institute, College Station, Texas, Draft, My 1991.

SPATI AL PRECI SI ON:

TEMPORAL PRECISION.  Monthly conputational time interval with no limt on
length of simulation period.

OVERVI EW OF CAPABI LI TIES, ASSUWPTIONS: The generalized conputer nodel
simul ates the managenent and use of the streanflow and reservoir storage
resources of a river basin under a prior appropriation water rights pernmit
system

STRENGTHS
WEARNESSES :

INPUT REQUI REMENTS:

1. Naturalized streanflows and reservoir evaporation rates,

2. water rights data including diversion and storage anounts, types of
use and priorities and

3. reservoir characteristics and operating policies.

OUTPUT PRODUCED: Diversions, shortages, hydroelectric energy generated,

streanfl ow depletions, unappropriated streanflows, reservoir storage |evels
and reliability statistics.
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EVALUATION FORM

NAME OF MODEL: \Water Operations Technology (WOT) set of nodels

FUNCTION: To sinulate runoff (present and future) into a reservoir and to
simulate the operations of a reservoir. Enploys HECD55 data base

AGENCY & OFFICE: USBR - Denver Ofice - Facilities Engineering Branch

TECHNI CAL CONTACT:  Dave King (D-5210) 303-236-8322
FTS-776- 8322

MACHINE COMWPATIBILITY: |IBMPC and VAX

DOCUMENTATION: User's Manual; NWS and HEC mmnual s

SPATI AL PRECI SION:  Determned by user input

TEMPORAL PRECI SION:  Time series data from 15 ninutes to 24 hours

OVERVIEW OF CAPABI LI TIES, ASSUMPTI ONS: Can use either HEC1F or NWSSMA to
simulate runoff. NASSMA is better for day-to-day, but HECF is useful in
flood situations. Uses HEC precipitation weighting and forecasting. User has

choice of two nodels to operate reservoir (USBR or HECS) or can route a flood
t hrough reservoir.

STRENGTHS : Uses existing nodels. Interfaces to various data sources -
WATSTOR, SHEF, SUTRON and HYDROVET.

WEAKNESSES: The HEC prograns have a lot of excess baggage. The prograns need
to be streamined to better use the PC. User interface can be inproved.

| NPUT REQUIREMENTS: Calibration coefficients, tinme series data.

OUTPUT PRODUCED: Predicted hydrographs, reservoir inflow and outfl ow
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EVALUATI ON FORM

NAME OF MODEL:  PNMOD
FUNCTION:  Generalized Streanflow Routing and Reservoir Operation Simulation
AGENCY & OFFI CE: USBR, PN Region, Boise, |daho

TECHNI CAL CONTACT:  Roger Larson (PN-708) FTS-554-9142
208-334-9142

MACHINE COWPATI BILITY: VAX Conputer and Sun Wrk Station (witten in-generic
FORTRAN) .

DOCUMENTATI ON: Avail able in Septenber, 1991

SPATI AL PRECI SION:  Determ ned by user.

TEMPORAL PRECISION:  Variable tine steps (number of days).

OVERVI EW OF CAPABI LI TIES, ASSUMPTI ONS:  Progressive average streanflow
routing, nodified Puls reservoir routing. Return flows from diversions use
streanflow routing |ogic.

STRENGTHS : Sinple, flexible for npbst basin configurations.

WEAKNESSES :  User nust dictate reservoir releases. No decision |ogic.

| NPUT REQUI REMENTS:

Standard Input: Average gains and diversions, basin configuration

Study Input: Percent of average gains and diversions, reservoir
rel eases, beginning and ending study dates

QUTPUT PRODUCED:  "Nornal " colum output, typically one nonth per page.
"Pable” output - WSP type for one colum of normal output. One year per page.
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EVALUATION FORM

NAME OR MODEL: DROPH (Daily/Hourly Reservoir Qperation)

FUNCTION:. Sinulates single or multi-reservoir operation based on "change in
storage = inflow minus outflow

AGENCY & OFFI CE: USBR, Eastern Col orado Projects Ofice (ECPO)

TECHNI CAL CONTACT: R E. Bellany (E-1400) 303-490-7463

MACH NE COWPATIBILITY: VAX 6200

DOCUMENTATION: Docunentation in ECPO Joint Operation Center (E-1400)

SPATI AL PRECI SI ON:

TEMPORAL PRECISION:  Daily or hourly reservoir operation.

OVERVIEW OF CAPABI LI TIES, ASSUVPTIONS: Program carries out daily or hourly
reservoir operation. The programis based on the equation "change in storage
= inflow - outflow" There is no operating criteria in the program and all
inflows and outflows nust be inputs. Inflow can be factored in order to vary
total volume over a given period of tine.

STRENGTHS :

WEAKNESSES: Data input intensive.

I NPUT REQUI REMENTS:  Inflow, outflow, reservoir areal/capacity characteristics,
initial storage, turbine characteristics, release capability of outlet
facilities.

QUTPUT PRODUCED: Daily or hourly simulated reservoir operation including

tabulation of inflow, reservoir storage and corresponding water surface
el evation, outflow, evaporation and MM generation.
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EVALUATION  FORM

NAME OF MODEL: WORKL17C
FUNCTION. Single Reservoir Operation Study
AGENCY & OFFI CE: USBR, Denver O fice, Water Resources Section

TECHNI CAL CONTACT: A, Enily Dowdy (D5752) 303- 236- 4044
FTS- 776- 4044

MACHINE COWPATIBILITY: Personal Conputer

DOCUMENTATION: User's Manual with sanple input and output and program listing
SPATI AL PRECI SI ON: Singl e Reser—oir
TEMPORAL PRECI SION:  Monthly

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: The program has two demand options:
firmyield and set demand with shortages or excess storage all owed.

STRENGTHS : Well docunented and tested.

WEAKNESSES: Has annual denmand with nmonthly factors, neither one varies from
year to year.

| NPUT REQUIREMENTS: Paraneters as explained in user's manual.

Area-capacity curve or table, evaporation rate in feet, flow in acre-feet or
1000 acre-feet. Can have nmore than one set of inflows, for exanple
intervening flow and spills from upstream reservoirs.

QUTPUT PRODUCED:  Annual sunmmary, nonthly printout of evaporation rate, |ake
evaporation, demand, shortage, spills, end of nonth volunme and area, beginning

of month area. If more than one set of inflow, table is produced show ng all
i nfl ows.
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EVALUATI ON FORM

NAMVE OF MODEL: Ri ver Network Mbdel

FUNCTION: The River Network Mdel is a generalized, data driven, accounting
model for streanflow and salinity. The mbdel works on a nonthly basis with a
flexible structure that simulates the basin by river reaches, junctions and

reservoirs.

AGENCY & OFFI CE USBR - Denver Ofice - G oundwater Branch

TECHNI CAL CONTACT: Dick Ribbens (D5740) 303-236-3812
FTS- 776- 3812

MACH NE COWPATIBILITY: Control Data Cyber Conputer (witten in Fortran IV)
DOCUMENTATION: Ribbens, Richard W "Program Nw01, R ver Network Mddel, Users
Manual ," U.S. Bureau of Reclamation, Denver, Colorado, July 1973, revised
March 1975.

SPATI AL PRECISION: Determned by the user and the reach structure he/she
specifies.

TEMPORAL PRECI SION:  Monthly

OVERVIEW OF CAPABILITIES, ASSUVPTI ONS: In addition to reservoir and river
basin accounting, the nodel can be used to simulate irrigation, water
consunption, inports, exports and salinity control projects. It assumes that

salinity can be treated as a conservative parameter using a nass bal ance
approach. Instantaneous mixing within the reservoir is also assuned.
Reservoirs are operated based on demands and rel ease rules which consider
flood control and other operational requirenents. It does not presently have
the capability to nodel power generation or off stream storage.

STRENGTHS : The nodel is technically sound, very flexible and has been applied
to a wide variety of river basin nanagenment problens, It offers sophisticated
error checking options.

WEAKNESSES: The nodel has been unused for the past several years and needs to
be adapted for use on personal conputers.

INPUT REQUI REMENTS: River basin structure, reservoir paraneters (including
area-capacity, bank storage coefficients, evaporation rates, initial
conditions and operational criteria), water and salt flows, gains and |osses,
imports and demands (including exports).

QUTPUT PRODUCED: Reservoir inflows, contents and rel eases, water and salt

flows at key points or junctions in the river basin, deliveries, consunption
and return flow for individual demands.
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EVALUATI ON FORM
NAME OF MODEL: HYDROSS-Hydrologic River QOperations Study System

FUNCTION: A surface water supply nodel developed to assist in planning
studies for evaluating existing and proposed demands on a river system

AGENCY & OFFICE: U .S. Bureau of Reclamation, Geat Plains Region, Planning
Division, Billings, Montana

TECHNI CAL CONTACT: Kip G erde/Scott Boel man (GP-730) 406-657-6248
FTS- 585- 6248

MACHINE COMPATI BILITY: | BM PC Conpatible, CDC Cyber Mainframe

DOCUMENTATI ON: Ful | docunmentation entitled "Hydross Version 4.00" distributed
by Information Resources Division, US. Bureau of Reclamation, Billings,
Montana, Draft Version, January 1991.

SPATI AL PRECISION:  Any size drainage basin, canal system
TEMPORAL PRECI S| ON: Mont hly

OVERVI EW OF CAPABI LI TI ES, ASSUMPTIONS: A system of conputer prograns for use
in conducting nonthly water supply studies. HYDROSS operates on input data in
a strict sequential order in tinme (results from one nonth depend on the system
state of the previous month), space (results at one station depend on what is
happeni ng upstream and/or downstrean), and priority (earlier water rights are
allowed water before later water rights). HYDROSS is a nonthly accounting
model .

STRENGTHS : Operates on a priority system for water demands and is very
flexible, allowing the user to rapidly conduct "what if" studies. HYDROSS has
many options for water use denmands.

WEAKNESSES :  Does not nodel groundwater or other conjunctive uses. Does not
have a forecasting node for reservoir operations.

| NPUT REQUIREMENTS: Three types of data files: flow, table and network. The
flow file contains pristine nonthly flow data. The table file is a neans for
introduci ng operational paraneters into the nodel. The network file contains
a physical description of the study area.

QUTPUT PRODUCED: Results can be output in fixed format text files and/or a
"comma and quotes" file which can be |oaded into graphics producing software.
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EVALUATI ON FORM

NAME OF MODEL:  PNRRN
FUNCTION:  Monthly Simulation of Reservoirs and River Systens
AGENCY & OFF| CE: USBR - PN Regional Ofice, Boise, |daho

TECHNI CAL CONTACT:  Jim Doty (PN471) FTS-554-1339
208-334- 1339

MACHINE COVPATIBILITY: CDC Cyber (written in Fortran |V)  Could probably be
converted easily to any systemw th a Fortran conpiler.

DOCUMENTATION : 5 pages including input field descriptions and schematics
showi ng runoff conputation nethods.

SPATI AL PRECISION: 25 streanflow control points, any of which may be
reservoirs.

TEMPORAL PRECI SION:  Monthly - No limt on nunber of years.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: The nodel focuses on water accounting
and allows for prioritization of diversions. Information on the workings of
the nodel is somewhat limited and it is not currently in use by anyone. The
source code is available to anyone interested in studying it.

STRENGTHS : Sinple, small program

WEAKNESSES: Not used recently. Needs some study and review.

| NPUT REQUIREMENTS: Formatted hydrologic data

OUTPUT PRODUCED: Hydrologic output in "printout” or file form for selected
control points.
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EVALUATI ON FORM

NAME OF MODEL:  OPSTUDY

FUNCTION. OPSTUDY is a utility program devel oped to assist the hydrologist to

program a nonthly water operation study. It provides the follow ng:
L. Reads input data.
2. Zeros all conputation and summary arrays.
3. Totals nonthly data into annuals.
4, Stores and accunul ates summary data.
5. Comput es net |ake evaporation from a reservoir.
6. Conput es channel evapotranspiration salvage and |ocal ground

wat er depletions resulting from (negative) river flows.

1. Comput es groundwater return flow froman irrigated area.
8. Prints a descriptive summary of all constants and initial
val ues.
9, Prints nmonthly data for each year with annual totals and line
headi ngs.
10. Prints average monthly data and annual totals for the period of
st udy.
11. Prints summary tables of selected nonthly data.
12. Saves selected summary tables in nachine readable formin a
user nanmed file.
13 Cenerates plot files of selected summary tables.
14, Provides piece wise linear interpolation of a curve |inear
function.
15. The user programs a Conputation subroutine to do the necessary
wat er operation anal ysis.
AGENCY & OFFI CE: Bureau of Reclamation
Nebraska Kansas Projects Ofice
Grand Island, NE
TECHNICAL CONTACT : Duane Woodward

North Platte River Projects Ofice
MIls, W 82644 (307-261-5608)

MACH NE COWMPATIBILITY:  Program available in Fortran |V on Cyber - EE,
Fortran 77 on Grand |sland vax 330 also MIls VAX 750, and Fortran for PC
using Mcrosoft Fortran conpiler in Gand Island, NE

DOCUMENTATION:  There is a USER s Manual that discusses using the program
describes the input data and gives exanple input and output. The manual was
devel oped by Fred Oradovsky and dated 8-26-1986.

SPATI AL PRECI SION: Water operation studies can be programmed for large river

basins or a single reservoir. The nunber of river basin reaches calcul ations
are made for is variable.
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TEMPORAL PRECI SION:  OPSTUDY does nonthly tine step conputation for a variable
nunber of years up to 100

OVERVIEW OF CAPABI LI TI ES ASSUMPTIONS:  This utility program provides the neans
to do a nonthly water operation analysis of a river basin as conplicated as
the user requires. It is linmted by what operations a user can describe in
Fortran. The assunptions of water operations are devel oped by the user as the
operation study nodel is being built.

STRENGTH : The flexibility to describe the water operations of any river
basin. The input and output of the program are standardized but variable for
each river basin operation

WEAKNESSES: The user has to devel op Fortran subroutine to describe the water
operations in a river basin. This has been nade easier though with a Fortran
program cal | ed GENCoMP and GENFORM that writes Fortran statenents for the user
in the Conpute subroutine standardized format including a program dictionary
of each variable used.

| NPUT REQUIREMENTS: The inputs vary based on the water operations being done.
The basic types of inputs are study title, output line headings, water
operation description, constant values (for exanple starting reservoir
content), constant nonthly values (for exanple reservoir evaporation rate),

and nmonth by year data values (for exanple nonthly inflows to reservoir). The
month by year input can be assenbled from a data base by a program called

BU LD.

QUTPUT PRODUCED: Monthly data by year for each water operation variable setup
in the programby the user (for exanple flow at a gaging station). Annua
totals for the variables and period summaries. Also table data of user
defined variables and machine readable files of variables for use in other
programs or plotting prograns.
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HYDROLOG C MCDELS INVENTORY

EVALUATI ON FORM

NAME OF MODEL:  Streanfl ow Synthesis and Reservoir Regul ati on ($SaARR) Model

FUNCTI ON:  Watershed nodel, |ake/reservoir nodel, and streanflow nodel
integrated with hydrologic data processing system

AGENCY& OFFICE: U S. Arny Corps of Engineers, NPD, Water Managenent Division

MACEBINE COVPATIBILITY: IBMPCconpatible requiring 390k free RAM and about
3 negabytes of hard disk. Programis in FORTRAN and has been installed on
many hosts including IBM DEC, and HARRI S

DOCUMENTATION: User Manual incorporating discussion and exanples.
SPATIAL PRECISION:  No restriction
TEMPORAL PRECISION.  Mnimumtine step is 0.1 hour (6 minutes).

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: \Wtershed nodel may sinulate rain
runof f, snow accunul ation, and snow melt. Snow sinulation accounts for snow
cold content and liquid water, and seasonal conditioning for melt. Runoff
simul ation accounts for evapotranspiration, soil npisture, baseflow
infiltration, and routing into the stream system

Ri ver nodel routes streanflows through channel and |ake storage, and sinulates
reservoir operations. Diversion, overbank, and backwater effects may be
si mul at ed.

I NPUT REQUI REMENTS: Mpst input data is prepared in 80-column i neges; Sone in
fixed-colum fornmat, and some in a positional-free format. Program incl udes
an interactive nmode providing pronpts and hel p nessages.

OUTPUT PRODUCED: Printouts, in both 80 and 132 colum w dths, of detailed

model results as well as summaries, as designated by the user. A permanent
work file may be nmintained on direct-access storage for daily operations.
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RVALUATI ON FOrM

NAME OF MODEL: HEG-5

FUNCTION:  Sinul ates sequential operation of a reservoir-channel system using
a branched network configuration.

AGENCY & OFFICE:  U.S. Arny, Corps of Engineers Hydrol ogic Engineering Center
609 Second St.
Davis, California 95616

TECHNI CAL CONTACT:  Hydrol ogi ¢ Engineering Center 916-756-1104
MACRINE COVPATI BILITY: Personal Conput er

DOCUMENTATION : This program has been docunented by "HEC~5, Sinulation of
Flood Control and Conservation Systems (1982, rev. 1983) and suppl enental
docunments.

SPATI AL PRECISION: Deternmined by the user's formulation of specific
reservoirs, diversions and control points.

TEMPORAL PRECI SION:  Time intervals can vary from 1l ninute to 1 month. It is
al so possible to use nultiple time intervals within a single simulation.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Can perform channel routing by any of
seven hydrol ogic routing techniques. Reservoirs can be operated to mnimze
downstream floodi ng, evacuate flood control storage as quickly as possible,
provide for lowflow requirenents, and neet hydropower and diversion

requi rements. Accessory programs are available to assist the user.

STRENGTHS : The program is well nmaintained, versatile, technically sound and
wi del y accept ed.

WEAKNESSES: The program can require a substantial amunt oftine to execute
on 286 class machines. However, with extended virtual nmenmory and overlays on
386 class machines, execution time can be reduced substantially to a point
conparable with mainframe conputers.

| NPUT REQUIREMENTS: |nput includes generally descriptive paraneters as well
as time series data. The general paraneters reflect overall system
configuration, reservoir and control point |ocations, streanflow and reservoir
routing preferences and reservoir operation rules. Time series data includes,
anong others, streanflow, evaporation and diversion requirenents.

QUTPUT PRODUCED: Considerable flexibility is available to the user in

sel ecting which paraneters to display. Primary itens include reservoir and
streanflow data as well as econonic output.
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EVALUATI ON FORM

NAVE oF MODEL: S IMULOP

FUNCTI ON:  Generalized sinulation ofriver and reservoir operations.
Presently set up for Flathead-Oark's Fork River system

AGENCY & OFFICE: USBR, PN Region, Boise, |daho
TECHNI CAL CONTACT:  Jim Doty (PN-471) FTS 554-1339
208- 334-1339
Roger Larson (PN-708) FTS-554-9142
208-334-9142

MACHI NE COVPATI BI LI TY: vax Conmputer (witten in FORTRAN). Probably an easy
conversion to other systems with FORTRAN compilers (including PCs).

DOCUMENTATI ON:  Substantial docunentation avail able.
SPATI AL PRECI SION: 40 reaches, 4 reservoirs as presently dinensioned.

TEMPORAL PRECI SION: Maxi mum of 24 periods per year. Usually used as a
monthly (12 period) nodel.

OVERVI EW OF CAPABI LI TIES, ASSUWPTIONS:  Flood control, irrigation M, water
quality, fish and wildlife and hydropower. Diversion demand utilities to
alter demands.

STRENGTHS : Versatile and fairly sinple to custonize for a basin, if needed.
WEAKNESSES: No water allocation/water rights accounting. Code needs sone
work in output formats if nore than 14 periods per year are used. Code nust
be wired in to handle flood control.

I NPUT REQUI REMENTS: Diversion and local gains file, basin configuration file.

OUTPUT PRODUCED:  "Printout", wup to 50 output variables. Special output of
total diversions, shortages. Qutput wired for each application.
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HYDROLOG C MODELS INVENTORY

EVALUATI ON FORM

NAME OF MODEL: Interactive River Simulation Program (IRI'S)

FUNCTI ON: Simulation of river flows, natural |ake and reservoir storage
vol umes, pollutant concentrations and hydroel ectric energy production.

AGENCY & OFFI CE:
Resources Pl anning Associates Civil & Environmental Engineering

231 Langmuir Lab Hol li ster Hall
Cornel |l Research Park Cornell University
thaca, NY 14850 [thaca, NY 14853-3501

TECHNICAL CONTACT: Daniel P. Loucks (Cornell University)
607-255-4896 ( Phone)
607- 255- 9004 ( Fax)

MACHINE COWVPATIBILITY: PC-XT,AT,PS/2 conpatible (DOS 3.0+4); VAXStation (VMS)
DOCUMENTATION:  User's and General Description manual s

SPATI AL PRECI SION:  User - defi ned

TEMPORAL PRECI SI ON:  User-defined, but not short term flood events

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Pernits the simulation of water
quantities and qualities, and hydropower in any river systemdrawn in by the
user. The operating policy is defined by reservoir release rules and
allocation functions, together with nmultiple reservoir storage distribution
targets for reservoirs operating as a group. Reach flow routing is avail able,
but not recomrended for flood flow simulations. Mst assunptions are in the
input data, and can therefore be easily changed.

STRENGTHS: Flexibility and ease of use; adaptability to a wide variety of
single or nultiple river systens.

WEAKNESSES: Circular |oops, punped storage over multiple wthin-year periods,
and flood flows cannot be simulated. Additional prograns are needed to
perform econonic and other nonhydrol ogi c anal yses at specific sites.

INPUT REQUIREMENTS: The configuration of the systemis specified by "draw ng
in® nodes (reservoirs, inflow sites, junctions and other key locations) and

i nterconnecting links (river reaches, canals, etc.). In addition, the
following general data is entered:

Threshol d val ues representing satisfactory or unsatisfactory ranges for
"state" variables (flows, pollutant concentrations, |ake and reservoir storage
vol unes and energy production |evels), nunber and |ength (days) of each

Wit hin-year period, nunber of years of sinulation.

!
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Fl ows and Storage Vol unes:

Surface area - elevation functions for storage reservoirs and natural |akes
and el evation - discharge functions for natural |akes, Ratios of appropriate
natural flows at each non gauge site to the natural flow at the appropriate
gauge site, evaporation and other |osses for all |akes and reservoirs,
evaporation and other losses in all stream reaches as a function of
streanfl ow, values of flow routing paraneters in river reaches where flow tine
exceeds the within year time period, initial storage volunes, release rules
for groups of jointly operated reservoirs and for single reservoirs operated

i ndependently (nunber and |ocation of storage zones, their respective

rel eases, the nunber of rel ease adjustment decision times within each within-
year sinulation period), reservoir storage balancing functions for reservoir
groups, allocation functions of flow at diversion and water use allocation
sites as a function of total flow available at the diversion site

Hydroel ectric Power:

Power pl ant capacity, hydroelectric plant factors indicating the fraction of
each within-year time period energy can be produced, energy production
coefficients (including efficiency) that convert storage head and turbine flow
to energy, punped storage factors for each within year tine period

Quality:

Time of flow as a function of flow for each reach, constituent transformation
and decay rate constants, initial concentrations of each constituent at the
outlet of all |akes and reservoirs.

Data read through files includes:

One or nore sequences of flows at gauge sites in each within-year period for
each year of simulation, names of quality constituents being simlated, and
the mass |oadi ngs of each constituent at each node.

QUTPUT PRODUCED: Tine series plots of quantities, qualities and energy
produced at any node or link of the river system network, tabular and
probability distribution displays of magnitude and duration of "failure"
events as defined by the user, formatted files of all sinulation results.
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EVALUATION FORM

NAME oF MODEL:  MODSI M

FUNCTION: Generalized river basin network sinulation nodel for hydrol ogic and
water rights analysis in conplex river basin systens; includes streamaquifer
model for conjunctive use of surface and groundwater.

AGENCY & OFFI CE: Departnment of CGivil Engineering, Colorado State University
TECHNI CAL CONTACT: John W Labadie, Professor - 303-491-8596

MACHINE COVMPATIBILITY: |IBM or conpatible PC version available: UN X-based
workstation version also available, currently running on vax/pec Stations
under ULTRI X; version also running on DEC VAX 11-780.

DOCUMENTATI ON: User Manual avail able which includes theoretical basis,
nunerical aspects and exanpl e usage based on actual case studies. Also, a
nunber of technical papers are available describing usage of MODSIM for a
variety of case studies.

SPATIAL PRECISION. Current PC version allows specification of up to 100 nodes
and links to describe river basin network; UN X workstation version allows up
to 1000 nodes and |inks.

TEMPORAL PRECISION:  Allows nmonthly, weekly and daily tinme increments; up to
50 year sinulation runs allowed for nmonthly time step.

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: The nmpost current PC version of the
nodel enploys an efficient Lagrangean relaxation strategy for solving lest-
flow networks as an efficient neans of allocating water according to conplex
water right provisions; allows consideration of exchanges, transfers and plans
for augnentation; considers hydropower systens and instream uSes.

STRENGTHS:  MODSIM is unique in its ability to solve conplex river basin
managenment problens'with consideration of water rights; MODSIM has been
adopted by nunerous agencies and water organizations and successfully applied
to many basins.

WEAKNESSES: MODSIM is currently not suitable for flood control operations or
real -tine operations requiring surface flow routing;, user manual and
docunentation is in need of upgrading and inprovenent.

| NPUT REQUIREMENTS: Physical network structure: reservoirs, stream reaches,
canal s, pipelines, punmping stations, hydro plants, wells, demands; hydrologic
information on unregul ated system inflows, demands, evaporation, rainfall, and
energy generation; also requires water rights priorities and other information
on prioritizing water allocation
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OUTPUT PRODUCED: Screen displays and hardcopy output of reservoir balances
inflows and releases, system |osses, and hydrogeneration; link flows,
groundwat er recharge and pumpage; and demand satisfaction from groundwater and
surface water; printer plots of system storage and flows, as well as true
graphics screen output (CGA EGAN VGA) on nost of the above output itens.

Summary information is also available on hydrogeneration, demand shortages and
firmenergy and water supply.
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Category IV
Other Related Models

Three general purpose nodels related to water distribution, which
could have applications for two of the above categories, were

inventoried by the Bureau of Reclamation (BOR),

and pl anni ng and

management consultants, and are presented in this separate category.

Name of Model

WATER (Steady State Pipe Hydraulics)
WATEXT (Pi pe Hydraulics Overtine)

[ WVRMAI N (Muni ci pal and Industrial Water
Use Forecasts)

V-1

Organi zation

BOR
BOR
Consul tants
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EVALUATI ON FORM

NAME OF MODEL: WATER
FUNCTI ON: Pi pe hydraulics (steady state)
AGENCY & OFFICE: USBR Denver Ofice, Water Resources Section

TECHNI CAL CONTACT:  John Osterberg (D5752) 303-236-5218
FTS-776-5218

MACHINE COVPATI BI LI TY: | BM or conpatible PC

DOCUMENTATION: User nmnual available with exanpl es

SPATI AL PRECISION: Determined by user through node specifications.
TEMPORAL PRECI S| ON:

OVERVI EW OF CAPABI LI TIES, ASSUMPTIONS: Program is designed to nodel
hydraul i cs of nunicipal water systens.

STRENGTHS : It is capable of evaluating punps, PRV, PRSV, reservoirs, pipes
and wells.

WEAKNESSES :

| NPUT REQUIREMENTS: Pipe paraneters (length, C Factor, dianmeter, nodes),
demand, elevation, punp curves, FWE for at |east one point in the system

OUTPUT PRODUCED: Velocity, pressure, flows and where punps are operating on
punp curves. Excellent graphic presentation. Downloads to CADD.
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EVALUATI ON FORM

NAME OF MODEL:  WATEXT
FUNCTI ON:  Pipe hydraulics (over ting)
AGENCY & OFFI CE: USBR Denver O fice, Water Resources Section

TECHNI CAL CONTACT:  John Osterberg (D5752) 303-236-5218
FTS-776-5218

MACHI NE COWPATIBILITY: IBM or conpatible PC

DOCUMENTATI ON:

SPATI AL PRECI SION:  Specified by user through node structure.

TEMPORAL PRECI S| ON:

OVERVI EW oF CAPABI LI TIES, ASSUMPTIONS:  Program is designed to eval uate pipe
systens over time. Capable of checking operating ranges of punps and
efficiencies of municipal reservoirs.

STRENGTHS

WEARNESSES :

| NPUT REQUIREMENTS: Pipe paraneters (Length, C Factor, dianmeter, nodes),
demand, el evation, punp curves and FVE.

OUTPUT PRODUCED:  Includes velocity, pressure, flows and where punps are

operating on punp curves. Excellent graphical presentation. Downloads to
CADD.
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EVALUATION FORM

NAME OF MODEL: | WR- MAIN, Water Use Forecasting System Version 5.1

FUNCTI ON:  Forecasting desegregate municipal and industrial water demand and
estimating inpact of demand nanagement neasures

AGENCY & OFFICEE M. W Davis
Pl anning and Managenment Consultants, Ltd.
Route 9, Hwy 51 South, Box 15
Carbondal e 1L 62901

TECHNI CAL CONTACT: M. W Davis
MACH NE COWPATIBILITY: 1BM Conpatible PC with DOS 2.0 or higher

DOCUMENTATI ON: | VWH MAIN Water Use Forecasting System Version 5.1, User's
Manual and System Description, June 1988, IWR Report 88-R-6

SPATI AL PRECISION:  User-defined, county, service area, pressure zone, etc.
TEMPORAL PRECI SION.  User-defined, up to 50 years from base year

OVERVI EW OF CAPABILITIES, ASSUMPTIONS: The |WH MAIN System provides
sectorally, spatially, and seasonally desegregate water use forecasts. \ater
use sector include residential, comercial, industrial, and public/unaccounted
for water users. Water use forecasts are generated with and wthout the

i npact of water conservation neasures. Water use is estimted based on
determ nants of water use such as price of water, hone values, weather and
enmpl oynent .

STRENGTHS : The IWH MAIN System may be used for system planning and
conservation eval uation.

WEAKNESSES: Significant socioeconomic data inputs are required to properly
refl ect water use characteristics of a study area.

| NPUT REQUIREMENTS: Inputs included base year housing units by value range
and type, price of water, density of units per acre, persons per household and

enpl oynment data by comnercial and industrial categories. Inputs also include
popul ation, total enploynment and nedian household income for all forecast
years.

QUTPUT PRODUCED: Qutput consists of desegregate water use forecasts by
sector, season, and individual user category for the base year and each
forecast year. The forecast is provided both with and without the effect of
specified conservation neasures. The inpact of individual conservation
measures by sector and dinension of use is also provided in a separate output
file.

IV-4

*U.S. GOVERNMENT PRINTING OFFICE 1992-0-673-217/47011



